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NEUROSCIENCE 
Hold Your Horses: impulsivity, Deep Brain Stimulation, and Medication 
in Parkinsonism 
M. }. Frank, }. Samanta, A. A. Moustafa, S.J. Sherman 
‘edopa a common treatment for Parkinson's disease, impairs certain forms of leaning 
whereas deep brain stimulation inappropriately accelerates decision-making. 
>> News story p 853; Decisian Mating secon p. $93 

10.1126/science.1146157 
NEUROSCIENCE 
‘Mnemonic Function of Dorsolateral Prefrontal Cortex in Conflict-induced 
Behavioral Adjustment 
FA Mansouri M. J. Buckley, K. Tanaka 
Inmonkeys, the lateral prefrontal cortex, but not the anterior cingulate cortex, is 
‘essential for making decisions in which conflicting information has to be evaluated. 
>> Decision Making section p 592 

10,1126/science.1146384 
GENETICS 
AMelanocortin 2 Receptor Allele Suggests Varying Pigmentation Among 
Neanderthals 
C Lalueza-Fox et al. 
‘Neanderthal carried a variant of askin cell receptor similar to that in moder European 
humans, suggesting that their pigmentation may have been similarly variable, 
>> New story. $46, 
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‘M. Cruz, N. Turok, P Vielva, E. Martinez-Gonzélez, M. Hobson 
‘An unusual cold peti the cosmic microwave background has properties expected 
of acosmic texture, a predicted relic ofthe decoupling of photons and atoms just 
after the Big Bang. 
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GPCR Engineering Yields High-Resolution Structural Insights into 

B,-Adrenergic Receptor Function 

D.M. Rosenbaum et al. 

Replacing partof the adrenergic receptor allows an accurate determination of the 

‘eceptor’s structure, showing how ligand binding activates G proteins, 
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High-Resolution Crystal Structure of an Engineered Human fi, Adrenergic 
G Protein-Coupled Receptor 

V. Cherezov etal. 
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architecture and helical orientation distinct from that of rhodopsin, the 
prototypical member ofthis family. 
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‘Amazon Forests Green-Up During 2005 Drought 

S.R. Salesko, K. Didan, A. R. Huete, H. R. da Rocha 
‘Showing unexpected resitience, tropical forests in the Amazon 
‘apparently increased photosynthesis in response to the 2005 
drought, according to satellite measurements, 
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F}. Gesla 
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efficiently outward along the midplane ofthe early solar system, 
explaining how such grains occur in comets. 
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Planet's CO, Production Surges 


Growing world economy churns out more greenhouse gas 


than expected. 
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EDITORIAL GUIDE: Focus Issue—Decisions, Great and Small 
E.M, Adler and N. R. Gough 

At the cellular level, neurons and their precursors face 

‘multiple decision points, 


5 PERSPECTIVE: Neurons or Glia? Can SHP2 Know It All? 
V, Coskun, J. Zhao, ¥ E Sun 
The tyrosine phosphatase SHP2 may help equate the balance 
between neurogenesis and giogenesis. 
PERSPECTIVE: Alchemy in the Soup—Transforming 
5 Metabolic Signats to Excitability 
H C.G.Nichols 
ATP-senstve potassium channel link cll metabolism to excitability 
& in various tissues. 
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GLOBAL: Mastering Your Ph.D.—Starting Off 

‘on the Right Foot 

Gosling and B. Noordam 

Getting into good habits early iskey for grad students 

‘in starting aterm off right. 

IMISCINET: Educated Woman, Postdoc Edition, Chapter 10— 
Loyalty, Subterfuge, Manipulation, and Sabotage 

M. P DeWhyse 

‘Miclla has only now realized how much the ile ofa postdoc 
‘an resemble a paperback thriller, 

US: Tooling Up—Barriers to Decision-Making 

D. Jensen 

Those trained to make specialized decisions in the lab 
‘often make poor decisions ina job search, 


US: From the Archives, Murder Most Foul— 

How Not to Kill a Grant Application 

V. Mohan-Ram 

‘Mystery writer Philip Marlowe blended real-life facts with 
intrigue and syle—the same elements needed in competitive 
rant applications. 


\SCIENCEPODCAST 


Science Podcast to hear about 
impacts of soil erosion on 
the carbon cycle, impulsivity 
in Parkinson’s patients, the 
S 


Download the 26 October 


debate aver bed nets in Africa, 
and more. 


wa sciencemag or/about/podcast dt 


‘Separate individual or institutional subscriptions to these products may be required for full-text access. 


SCIENCE VOL318 26 OCTOBER 2007 


527 


EDITED BY STELLA HURTLEY AND PHIL SZUROMI 


<< The Makings of 
Self-Pollination 


Plants that produce both male and female gametes use 
various strategies to determine whether they will pre- 
dominantly seli-fertilize or predominantly use pollen 
from other flowers. Although compatibility of cell sur- 
face receptors is part ofthe story, the geometry of flower 

parts also affects what pollen lands on the stigma. In the 
flower of the domesticated tomato, the stigma is buried 

within the anthers, which makes self-fertilization more 
likely. In wild relatives of the tomato, however, the stigma 
projects beyond the anthers and favors cross-fertlization. Chen 
et al. (p. 643) now identify the gene that regulates the length of 
the style, and thus regulates the relative geometry of stigma and 


A Pocketful of Sugar 


Selective binding of distinct sugars in water is a 
challenge for molecular recognition because the 
abundant OH substituents must be differentiated 
{rom one another, as well as from the markedly 
similar surrounding solvent. Ferrand et al. 

(p. 619) have prepared an organic receptor that 
achieves the task for certain disaccharides with 
an efficacy approaching that of the much more 
structurally complex lectin proteins, and so holds 
‘promise for biochemical applications, The recep- 
tor binds cellobiose and related compounds, in 
which all OH groups are equatorially oriented, 
with an association constant of ~600 inverse 
‘molar; the affinity drops more than 10-fold for 
substrates with an axial OH group. Nuclear 


anthers in the tomato, 


kilometers deeper, counter to expectations for 
cold stab material. Explaining the features 
seen requires both chemical and thermal con- 
tributions to the phase changes and confirms 
the influence of deep tectonic processes in 
generating mantle heterogeneity, 


A Stress on the 


Insulating Phase 

The band theory for conductivity of solids pre- 
dicts that materials with an odd number of elec- 
trons in their unit cell would behave as metals, 
but some materials, such as NiO, are insulators 
at low temperatures 


Inevitable Uncertainty 
Climate sensitivity is defined by the change in 
global average temperature that would result 
from changes in radiative forcing equal to that 
which would be caused by a doubling from pre- 
industrial levels of the atmospheric concentra~ 
tion of CO,. Past work has shown that while the 
most likely value of climate sensitivity is between 
2.0° and 4.5°C, there is a small probability that. 
the increase could be much higher—8°C or even 
more. This persistent, high-temperature tail of 
low probability has been one impediment to 
political action, as policy-makers have been 
reluctant to formulate policies to address climate 
‘change when the range of uncertainty is so 
large. Roe and Baker (p, 629; see the 


magnetic resonance spectroscopy confirms a because of the SOA OF C4 OF @  pesspective by Allen and Frame) 
binding motif in which polar walls in the recep- | dominating effect assert that this tail of low probability 
tor interact favorably with the hydroxyls while of Coulomb inter-  @ e e e ©@ isan intrinsic feature of the climate 
aromatics at the top and bottom straddle the actions and elec- system, not a result of inadequate 
alkyl portions ofthe guest. troniccorrela- © FO PO FO FO FS ta or models, and that this tail 
tions. These wil persist even in the face of 
; insulstorsan @ W@W OW OU OW @ More observationsand more 
Mapping Mantle undergo a transi- advanced modeling. They conclude 
Fi tion to a metallic phase (by increasing temper- | that putting off decisions about climate policy 
Heterogeneity ature), but typically these metalto-insulator | yi greater certainty is achieved is futile 


Earth's upper mantle shows a series of seismic 
discontinuities that have been linked to phase 
changes in mineralogy. Although the disconti- 
‘uities occur at similar depths, there are local 
variations, Schmerr and Garnero (p. 623) 
investigate mantle structures beneath South 
America and adjacent oceans by stacking up 
weak precursors to SS seismic waves to map 
the discontinuities at depths of approximately 
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transitions (ITs) are accompanied by structural 
phase transitions. Moore et al. (p. 615) show 
that in the layered perovskite Ca, 5, RUO, 
the surface undergoes its MIT at 130 Kelvin, 
well below the bulk transition temperature of 
154 Kelvin that is accompanied by a structural 
phase transition. The authors argue that sur- 
face stresses that allow that Ca and Srions to 
be pulled into the butk stabilize a surface phase 


Thawing and Warming 

Around 18,000 years ago, near the beginning of 
the last deglaciation, the atmospheric concentra- 
tion of the greenhouse gas methane began to 
rise rapidly, but the origin of this increase is still 
uncertain. Walter et al. (p. 633) add another 
potential methane source to the mix: the frozen. 


410- and 660-kilometers (km). On the dawn- | that favors the Mott insulator ground state | areas of northern Asia and North America that 

dip side of subduction zones, they see that _| relative to the bulk structure. Thus, the MIT | were not covered by ice sheets. As the climate 

the 410-km discontinuity occurs tens of can occur before the phase transition. Continued on page 531 
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began to warm, these grounds thawed and lakes formed that would have emitted large volumes of 
methane bubbling up from their organic-rich sediments. Such a pracess could have supplied as much 
a5 85% of the methane that Arctic and boreal regions are understood to have contributed during 
deglaciation. This methane emission would have contributed significantly to the warming that 
‘occurred at the Pleistocene-Holocene transition. 


Pack Mentality? 


Explaining the origin of altruism and parochialism has posed a challenge for theoretical biologists. Choi 
‘and Bowles (p. 636; ee the Perspective by Arrow) describe a simulation based on interactions between 
‘groups in a game-theory framework in which hostile intergroup interactions lead to war and nonhostile 
interactions lead to trade. Groups composed of individuals who are both altruistic and parochial—who 
favor members oftheir own group and disfavor outsiders—are mare successful than groups that are 
either only altruistic or onty parochial 


Regulating Nuclear Transport 
In eukaryotic cells, the nuclear pore complex (NPC) 
acts selectively to gate entry and exit of macromale- 
‘aules into and out of the nucleus. Lim et al. (p. 640; 
published online 4 October) studied the biophysical 
response of the phenyalanine-glycine (FG)=domain 
of one of the nuclear pore proteins to biochemical 
interactions that govern nucleocytoplasmic transport 
The FG-domains collapse into more compact struc- 
tures upan binding to the nuclear transport receptor 
karyopherin-B. This collapse is reversed by Ran guanosine triphosphate, a known regulator of nuclear a 
transport. The reversible collapse of the FG-domains may represent the underlying mechanism that regu- PI PETMAN C Once op ot 
lates passage through the NPC. f 


Plant-Pathogen Arms Race 
Plants recognize pathogens through immune-like receptors, which activate a resistance response. In Amazingly comfortable operation 
turn, pathogens have evolved means to modify plant signaling pathways to avoid triggering the resist- 


ance response. Kay et al. (p. 648) and Rémer et al. (p. 645) tackle the molecular mechanisms under- Simple "One-step’ 
lying this evolutionary arms race between plants and pathogens. The bacterial type ill effector protein, commandbuttons, just click ! 


‘AvrB53, functions as a pathogenicity factor in susceptible host plants, which lacka resistance gene 
known as 8s3, by acting asa transcriptional activator. In contrast, plants carrying Bs3 recognize the 
‘AvrB53 protein and activate the resistance gene &s3, which simulates the plant resistance pathway. Create and exchange m 


PC to pipette connection 


Extracellular Death Factor 

Programmed cell death (PCD) has traditionally been considered to be restricted to eukaryotic multicel- 
lular organisms; however, several genetic modules in prokaryotes are known to mediate a type of pro 
grammed cell death. In Escherchia coli, mazF encodes a stable toxin, and mazé encodes a labile anti 
toxin, that prevents the lethal effect of MazF. Kolodkin-Gal etal. (p. 652; see the Perspective by 
Kotter) now show that E.coli mazE mediated cell death isa population phenomenon that requires a 
quorumn-sensing signal molecule, extracellular death factor (EDF). EDF isa symmetric, linear pentapep- 
tide whose amino acid sequence is Asn-Asn-Trp-Asn-Asn, In smthetic peptides, the symmetrical 
arrangement of each of the five amino acids of EDF was important for maz£F-mediated killing activity. 


Drug Craving, Malaise, and the Insula 

‘An important factor that contributes to drug-seeking in addicted individuals is the negative feelings 
that result from abstinence. Such mood states are monitored by the interoceptive sensory system, and 
particularly by a brain area called the insular cortex, known to process emotional information. 
Contreras et al. (p. 655) observed that inactivation of the rat posterior granular insula reversibly 
disrupts the craving for amphetamine in animals repeatedly injected with amphetamine, as well as 
the behavioral signs of malaise induced by Lithium administration. Thus, therapeutic interventions in 
the insula may help to alleviate drug cravings. 
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On Neuroethics 


HUMAN SOCIETY IS THE SOCIETY OF HUMAN BRAINS. OF COURSE THOSE BRAINS ARE 
encased in, affected by, and dependent on the rest ofthe body, but our mest important interactions 
are with other people's brains, as manifested through their bodies. On 3 November 2007, the 
Society for Neuroscience begins its 37th annual meeting. Since 1970, the event has grown into 
one of the world’s largest scientific meetings, drawing more than 30,000 scientists to discuss 
brains. This surge in attendance comes from an explosion in knowledge: We know almost 
infinitely more than we did 37 yearsago, even though we sill understand litle. 

Our new knowledge has begun to spill out from the laboratory into society as neuroscience 
raises new ethical legal, and social concerns. Some, using journalist William Safire’sterm, talk of 
“neurocthies.” Others reject that term or question whether it really is a new area. But that is less 
important than the real questions being raised. Some of those questions entail the ethics of 
conducting neuroscience research. The brains of “normal” people in 
some imaging studies yicld clinically significant findings disconcertingly 
ofien: 8 to 10% of the time in some studies. What kind of information 
and follow-up do we owe those people? Other studies may have military 
implications: Suppose brain stimulation created an indefinitely awake 
and alert soldier or pilot? Will neuroscience be a new source of dual-use 
technologies such as those we worry about for biological or chemical 
‘warfare? Other rescarchers are studying “the neuroscience of ethics.” as 
philosophers and neuroscientists explore how brains make decisions 
‘when confronted with moral dilemmas. The implications are unclear, 
‘but the work is fascinating. 

For me, the most exciting questions involve how neuroscience 
might change society. If we could reliably predict that certain adolescents will eventually be 
diagnosed with schizophrenia, what use should we make of that information? If learning how 
brains make decisions could reliably indicate malign intent, should we use that information in 
criminal decision-making? What if we produce a pill that enables people in early stages of 
dementia to make, retain, and retrieve declarative memories? Should it be used by healthy 
people, such as premedical students? 

Alas, some of this is not speculation, Already, at least one company is selling functional 
‘magnetic resonance imaging services for lie detection. Some foreign hospitals are performing 
psychosurgery for drug addiction. And judges and juries are being asked to make decisions based 
‘on beautiful “pictures” of people's brains. People working in neuroethics need both to point out 
‘when unproven new technologiesare being used recklessly and to explore the social consequences 
of effective new technologies. In both cases, we nced to maximize the benefits ofthe applications 
‘of neurascience and minimize their harms. 

Some good things are happening along this line. The Neuroethics Society was founded last 
‘year to promote the study of these issues. The Dana Foundation has been supporting these efforts 
for several years, often with the American Association for the Advancement of Science; and in 
October 2007, the MacArthur Foundation announced a major project on Neuroscience and Law 
to fund research in these intersecting disciplines. Through these efforts and independently, 
professors of law, education, business, and philosophy are coming together with neuroscientist, 
psychologists, neurosurgeons, and psychiatrists to discuss the implications for society of this 
expanding science of the brain. 

‘But more needs to be done. The U.S. Human Genome Project had a program for studying 
the cthical, legal, and social implications (ELSI) of genetics, but no similar program exists for 
neuroscience, although we are our brains far more truly than we are our genomes. The ELSI 
program may not be the right model, but funds are essential to promote this kind of research, 
particularly by medical school researchers who depend on grants. In these days of tight federal 
budgets, money is hard to get. But to fund science without supporting work on its social 
‘consequences will ensure that the neuroscience revolution brings far too much social pain and 
chaos along with its scientific and medical breakthroughs. 

—Henry Greely 


10.1126/science-1150557 
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Magellanic Cloud. 


MATERIALS SCIENCE 


‘Measurement of the flow of thin films is compli- 
«ated by the coupling of frictional forces and the 
driving force (pressure) at the molecular level. 
To this end, Xu et al. designed a set of brusblike 
polymers, witha flexible backbone connected to 
‘a dense shell of rigid side chains. When the poly- 
‘mers are driven across a substrate, the reduced 
interaction of side groups with the substrate 
‘causes the backbone to coil, and the extent of 
this compacting can be used to gauge local vari- 
ations in film pressure. Conformational changes 
«an also reveal the friction coefficient at the sub- 
strate, The authors tracked polymer spreading on 
‘mica or graphite using atomic force microscopy 
(AFM) to probe the local chain conformations. 
Te ction neice showed strong hunidy 
E dependence on the hydrophilic mica substrate, 
though not on hydrophobic graphite. The timita- 
5 tions of AFM detection notwithstanding, the 

© authors envision a range of situations where 

9 these polymer probes could be useful pressure 
sensors. — MSL 

| ‘Adv. Mater 19, 2930 (2007). 
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OCEAN SCIENCE 


Biological productivity in the ocean—which 


helps control climate on glacial time scales 
through its effect on the global carbon cycle— 
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Brief Encounter 


The Small and Large Magellanic Clouds are our nearest galactic 
neighbors, visible in southern skies as thumb-sized smudges on 
the sky. Recent tracking with the Hubble Space Telescope showed 
that they are circling the Milky Way faster than was once thought, 
closely approaching the Milky Way's escape velocity. Besta et al 
model the past motions of the Magellanic Clouds using the 
updated speeds and latest cosmological parameters and find that 
they are probably interlopers on their first pass of the Milky Way, 
rather than long-term companions on continuous orbits. This brief 
encounter scenario resolves some questions but raises others. 
Itmay explain why there has been an upsurge in star formation in 
the Clouds within the past few billion years. However, it also 
means that the Clouds may have had less of an effect on the i 
fuse hydrogen envelope of the Milky Way than had been assumed, 
{as they have not been around long enough to warp the edges of 
‘ the pancake of hydrogen in which the Milky Way sits or to pull out 
the Magellanic Stream, a band of hydrogen gas that almost circles 
the Milky Way and seems to follow the Clouds. — JB 


is regulated by the availability of nutrients such 
as phosphorus. The marine phosphorus cycle 
has in turn been thought to depend greatly on 
the variations in sea level caused by the growth 
and decay of continental ice sheets during the 
glacial cycle, which alternately expose and sub- 
merge continental shelves, but data relating to 
this hypothesis are scarce. Filippelli et ol. com~ 
bine measurements of the phosphorus concen 
tration in deep sea sediments from the Atlantic 
and the Pacific with recent advances in the 
understanding of phosphorus geochemistry 

to show that the phosphorus inventory of 
those sediments increased during glacial 
periods and decreased during 
interglacials over the past 

400,000 years. This finding 

supports the Shelf-Nutrient 

Hypothesis, which postulates 

that phosphorus should be 

transferred from shallow continen- 


Astrophys. 668, 949 (2007), 


LECULAR BIOLOGY 


‘Argonaute (Ago) proteins are the effectors that lie 
at the heart of RNA interference. They bind small 
interfering (si) or micro (mi) RNAS and use them to 
target and to repress (in mast cases) complemen 
tary RNAS, either ditectly, at the posttranscrip- 
tional stage, of indirectly (in the 
‘ase of Some siRNAs) at the 
transcriptional stage. In fis- 
sion yeast, transcriptional 
gene silencing (TGS) is 
‘mediated by the RITS com- 
pilex, which includes the Ago 
and Tas3 proteins, Tillet al, 
have dissected the interaction 
between as3 and Agol and find a 
peptide moti, which they call the 
‘Ago hook, in Tas3 that interacts both 
initro and in vivo withthe 


talmargistoihedeepseahencontnentat | THEPOSM Pun somin ago. he 
shelves become exposed during glacial sea- fined in blac) hook binds in aconserved 
iolessete Thee esmeaeuancsts, | Cuit, Seaeewatin denser 
define the role that productivity plays inthe | complex. ‘domain; this same pocket 


regulation of atmospheric carbon dioxide over 
glacialinterglacial transitions, as well as the 
respective roles of external processes such as 
dust deposition, and internal processes such as 
upwelling, in the regulation and distribution of 
ocean nutrients. — HJS 

Deep-Sea Res. 10.1016. dsr2.2007.07.021 

(2007. 


binds the 5" end of the 
SiRNA/miRNA guide strand, The hook is required 
for TGS in vivo in fission yeast and can block 
Drosophila miRNA-mediated repression in vitro, 
Furthermore, 2 human Ago-interacting protein 
harbors 8 motif that is similar in sequence and in 
function. The hook is tikely o be pivotal in recru 

Continued on page 537 
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DEFINING 


\ PROJECT OF THE 


UNIVER 


The Arete Initiative at the University of Chicago is pleased (0 
announce a new $2 million research program on the nature and 
benefits of Wisdom. Although ichas been neglected in the past 
anew scientific and scholarly study of Wisdom has the potential 


to raise new questions, challenge assumptions, and develop new 


theoretical and empirical models which will enliven debate within 


and across disciplines. In this new grant competition, we seck to 


support highly original, methodologically rigorous projects from 


a broad range of disciplines on the theme of ‘Defining Wisdom 


In 2008, up to ewenty (20), two-year research grants will be 


awarded to scholars from institutions around the world who have 


received their Ph.D. within the past ten years, For a description 


of the required letcr of intent and more information about the 


Wisdom Project, go to: www.wisdom research. contact us 


directly at wisdom@uchicago.edu. 


Lotter of Intent Deadline: November 19, 2007. 
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ing Ago proteins to specific subcellular locations | but first glance reveals a broader-than-expected 


and in influencing the binding of siRNAs and Population diversity and a marked unevenness in 
‘miRNAs, and thus may determine the functional | the rate of primary consumption—that is, the 
output of the various Ago complexes. — GR uptake of photosynthetic products by the root- 


‘Not. Struct, Mol. Biol. 14, 897 (2007), | dwelling bacteria and fungi. — GIC 
Proc. Nott, Acod. Si. USA. 208, 16970 (2007) 
MICROBIOLOGY 
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It’s a Jungle Down Here 
Rules of Regulatior 
Analyzing DNA sequences in unpurified or partially 
fractionated samples (such as a drop of water from | What overarching factors regulate the regulatory 
the Sargasso Sea or from an acid mine drain) has | T (Trg) cells that guide our immune systems to 
proven to be remarkably informative. A high fight infectious diseases while leaving ourselves 
degree of organismal diversity has been docu- unharmed? By scrutinizing molecular events 
mented, and extending this approach to terrestrial | inside Tie cells, Tao et al. implicate the activity of 
chromatin remodeling proteins. initial evidence 
‘emerged from the observation that a histone 
deacetylase (HDAC inhibitor increased the level 
‘of the chief transcription factor in Tig cells, 
Foxp3, as well as the number and activity Of Trey 
cells in mice. Furthermore, in culture-stimulated 
Treg Cells, HDAC was the most prominently 
‘expressed member ofthe deacetylase family, and 
Treg Cell function was enhanced in its absence. 
‘Acetylation of the Foxp3 protein itself was also 
‘observed and corresponded with an increase in 
Foxp3 binding to its target genes, Finally, HDAC 
systems has uncovered previously unsuspected and | inhibition helped curtail inflammatory T cell 
intermingled communities of bacteria, archaea, | responses, both to transplanted grafts and in a 
and fungi, Vandenkoornhuyse et al, have begun to | model of inflammatory bowel disease. The finding 
look atthe exchange of goods in one such market- | that regulating acetylation/deacetylation has such 
place by exposing pieces of turf from UK grassland | a measurable influence on Tre function and that 
(Scotland) or from French peatland (Normandy) to | it operates at the level of both the Foxp3 locus 
280, and following the transfer of the sotope into | and the transcription factor suggests that different 


World’s Largest 
Mouse ES Cell Library 


ribosomal RNA of microbes associated with the | avenues might be open for testing HDAC inhibi- 
plant roots. Interpreting measurements of anon- | ton as.a form of immunotherapy. — 5}S 
stationary process can be somewhat challenging, ‘Nat. Med. 13, 10.1038%nm1652 (2007). 


Be “st a } cE << An Endogenous SERM? 

Although estrogens had long been thought to protect against cardiovas- 
cular disease, this assumption has been challenged by the results of cin~ 
ical als that failed to corroborate protective effects of hormone replace- 
ment therapy in postmenopausal women. Umetani eta found thatthe 
WWW.Stke.OFG reste! metabolite 27-rydronceleteol Q7HC, wid found ie 
atherosclerotic lesions) competed with estradiol for binding to estrogen receptors «and (ERc and 
ERB), inhibited estradiol-dependent activation of transcriptional activity ofthe receptors, and inhib- 
ited the estradiol-dependent assodaton of ER with the transcriptional coactivator SRC. In mice 
fed a diet rich in cholesterol and fat, hypercholesterolemia was associated with increased vascular 
‘concentrations of 27HC, comparable to those affecting ER function; 27HC also inhibited the estra- 
diol-dependent increase in inducible and endothelial nitric oxide synthase (INOS and eNOS) expres- 
sion in mouse aortic cultures. Administration of 27H decreased aortic expression of INOS and eNOS. 
in vivo, and dietary hypercholesterolemia was associated with a decrease in iNOS mRNA and protein 
in male mice. The pro- or anti-estrogenic effects of 27HC depended on tissue type, leading the 
authors to propose that it may act as an endogenous selective estrogen response modulator (SERM). 
The anti-estrogenic effects of 27HC in the vasculature led them to suggest that it might contribute to 

a lack of cardioprotective effects of estrogen in postmenopausal women. — EMA 
Not. ted. 13,1185 (2007) 
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Mooning About: 
Cassini Turns 10 


[NASA's Cassini mission celebrated its tenth year 
last week by releasing images ofthe solar sys~ 
tem’s preening beauty, Saturn, and its fawning 
entourage of moons and rings. Eagle-eyed 
researchers spotted “moonlets” plowing through 
the delicate rings and reported the results in 
this week's issue of Nature. 

The moonlets measure just 30 to 70 meters 
across, but most ofthe debris in the rings 
‘measures less than 10 meters, so the moonlets 
leave a traceable wake. Saturn's rings vary in 
thickness from about 100 meters to stightly 
more than 1 km. 


oe 


In the image, Epimetheus (116 km across) 
floats just above Titan (5150 km), the largest 
of Saturn's moons. The light-colored streaks in 
the ring may be caused by moonlets. The dar 
colored section in the middle of the ring is the 
325-km-wide Encke gap, probably caused by a 
gravitational resonance. 

Cassini has mapped 60% of Titan’s northern 
hemisphere, which is home to lakes, rivers, and 
seas of liquid methane and ethane. The south- 
em half is slated to be mapped next. 


Golden Oldies 


Spending your working hours pondering how 
‘ur bodies break down as we get older might 
sound a little depressing. But 
research on aging is booming, 
‘and the field's good health is 
‘on display at the blog 
Ouroboros, which isnamed 
for a symbol of endlessness. 
Three postdocs from leading 
aging research labs offer their takes on the lat- 
est results from conferences and the literature. 
Inalittle more than a year, the authors have 
touched on topics as diverse as the evolution of 
whale menopause, cell death during muscle 
aging, and a potential new blood test for 


wwwssciencemag.org 


Alzheimer’s disease. The site is aimed at 
researchers, but it can also help beginners get 
up to speed. >> 


ouroboros. wordpress.com 


Prescription Hazards 


“Don't touch this stuf.” 
“Take anywhere.” 
“Chills or shaking.” 
“Having an experience 

with God.” 

Whats the meaning of 
this icon? in an outpatient 
linic survey, researchers 
showed common prescription 
labels to 253 patients and 
asked, “What does this mean to 
you?" For this icon—which mesns “for 
‘external use only"—46% came up with answers 
such as those above, 

Inscrutable, inconsistent drug labeting was 
the topic of a meeting this month at the 
Institute of Medicine in Washington, D.C. 
“Nobody regulates warning labels,” says Terry 


NV) 


NMI 
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Davis, a professor of medicine at the Louisiana 
State University Health Sciences Center in 
Shreveport, who conducted the survey. Nor is 
there any standard terminology for directing 
patients on how to use their prescribed medica 
tions. Even instructions as simple as "take two 
tablets twice daily” wil stump college grad- 
ates, says health services researcher 
Michael Wolf of Northwestern 
University in Evanston, linois, 
With the average American over 
65 taking eight kinds of med- 
ications and ordering 27 refills 
a year, the possibilities for mis- 
understandings are legion. 

“it's amazing we've gotten 
away with presenting the most hor- 
rible information for so tong,” says 
Wolf. Meeting attendees agreed that stan= 
dardization is long overdue but said voluntary 
efforts would be preferable to more regulations. 
Target is one store chain that is taking action, 
with “ClearRX,”a pill bottle storable on its top 
with a wraparound bottom and flat front offer- 
ing more surface area for explicit instructions. 


New Value in Old Casts 


Plaster reproductions of Maya and Aztec carvings, which have languished for a century in 
storage at Harvard University’s Peabody Museum, are attracting new interest from scholars 
‘now that many of the originals have been eroded or destroyed. 

Curators, students, and conservationists are pitching in with vacuums, brushes, and dry 
sponges in a 5-month project to clean and catalog 650 casts for study. Some of the molded 
Copies are up to 2 meters tall and weigh almost 230 kilograms. Made by Harvard scholars in 
the 1890s, they reproduce hieroglyphs from 25 archaeological sites in Mexico, Guatemala, 
and Honduras, as well as images of rulers and rituals. They were used in exhibitions, such as 
the World's Columbian Exposition of 1893 in Chicago, and later stashed away. 

“Fora long time, nobody thought that they were important because they weren't the 
originals and were placed in less-than-optimal conditions,” says museum spokesperson 
Pamela Gerardi. Now, however, the original monuments have eroded from rain and tropical 
heat; some have been stolen or smashed up to construct walls. 
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Although scientific links between India and the United States 
have strengthened in recent years, each country has its own 
agenda in space exploration. In separate interviews recently, 
Science asked Michael Griffin, NASA's administrator, and 
G, Madhavan Nair, chair of the Indian Space Research 
Onganisation (ISRO), about Indo-U.S. collaboration 


Q: Are India and America racing to 

get a person once again on the 

moon? 

Griffin: Certainly we are 
not racing; we can hope to 
go together. NASA will 
not join the Indian pro- 
gram but would want India 
to join with us. 

Nair: The relationship 

between ISRO and NASA 

has improved, [and] there is a 

desire to cooperate. 


Q: Will NASA train Indian astronauts for the space shuttle 
and beyond? 

Griffin: We did make the offer, and the Indian government 
declined. Maybe at a later time when we are flying beyond 
the space shuttle, India may choose to join i 

Nair: As yet, the plans are independent of each other. 
If there is an immediate need to send an Indian astronaut, 
there are the Russian modules. But India’s access to space 
is important. 


Q: Are U.S. export-control laws a stumbling block? 
Griffin: There is some concem and frustration in India with 
[these laws}, and itis frustrating for us as well. ... We are 
very concerned about the proliferation of missile technology. 
Nair: Thanks to the export-control laws, ISRO has learnt [to 
indigenize technology] the hard way. Removal of these 
restrictions would speed up India’s efforts to undertake a 
manned space mission. 
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IN THE COURTS 

FORTUNE LOST? Entomologist Evert 
Schlinger has studied spiders and flies 
for 7 decades. He also oversaw a 
family foundation once worth nearly 
$55 million that supported researchers 
around the country. Somehow, it all 
went bad. 

In 2004, Schlinger resigned under 
pressure from the foundation, which 
sued him and several advisers for 
fraud and mismanagement, Last 
month, a jury in Santa Barbara County, California, found 
Schlinger and the others guilty of those charges and ruled 
that they owed the foundation $35 million. The foundation's 
lawyer, Scott Campbell, argued that Schlinger had embezzled 
$293,760 and illegally invested more than $20 million in a 
failing go-cart company. 

Schlinger denies any theft. He admits he and his advisers 
“made some mistakes now and then” but says the goal was to 
prevent taxes from eroding the foundation's endowment. 
‘Campbell says the foundation, now worth about $6 milion, 
will try to recoup its losses. “The real tragedy here is the science," 
he says. “Entomology is what suffers.” 


AWARDS 

‘COMPUTE THIS. An Italian physicist isthe winner of this year’s 
$350,000 Microsoft European Science Award, given out by the 
United Kingdom's Royal Society and the French Académie des 
‘Sciences. Giorgio Parisi, a professor of quantum theories at the 
University of Rome “La Sapienza,” received the honor last week for 
his contributions to particle physics, quantum field theory, and sta~ 
tistical mechanics. Parisi gets to keep $10,000 for himself; he'll use 
the rest of the award to build a next-generation computing platform 
‘capable of simulating complex systems. 


IN MEMORIAM 
UNDYING SPIRIT. The General Electric Co. (GE) has donated 
$300,000 to endow three graduate fellowships at 
Virginia Polytechnic institute and State University (VT) 
in Blacksburg in honor of Liviu Librescu, Kevin 
Granata, and G. V. Loganathan, engineering profes- 
sors killed on campus eartier this year by a student 
‘gunman (Science, 27 April, p. 525). 
“We hope in some small way we can contribute 
to the healing process,” says Charles “Chip” Blakenship Jr., general 
manager of the GE Aero Energy group. As head of recruiting for GE 
at the university, Blakenship estimates that he hires 50 to 70 Hokies 
(VT alums) a year. “It hit me very hard,” Blakenship says of the 
tragedy. “I'm a second-generation Hokie 
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Ancient DNA Reveals Neandertals 
With Red Hair, Fair Complexions 


What would it have been like to meet a 
Neandertal? Researchers have hypothe- 
sized answers for decades, secking to put 
flesh on ancient bones, But fossils are silent 
‘on many traits, from hair and skin color to 
speech and personality. 

Personality will have to wait, but in a paper 
published online in Seience this week 
(www.sciencemag.org/cgi/contenv/abst 
1147417), an international team announces 
that it as extracted a pigmentation gene, met, 
from the bones of two Neandertals. The 
researchers conclude that at least some Nean- 
dertals had pale skin and red hair, similar to 
some of the Homo sapiens who today inhabit 
theirEuropean homeland. The paper comeson 
the heels of one that used similar techniques to 
show that Neandertals shared the modern 
human form of the only gene so far known to 
influence human speech, FOXP2. Although 
researchers are working to sequence the entire 
Neandertal genome (Science, 17 Novem- 
ber 2006, p. 1068), these are the first spe- 
cific nuclear genes to be retrieved 
“These are the two genes you'd 
mostliketo se fron ndertal,” 
explains Svante Piiibo of the M 
Planck Institute for Evolutio 
Anthropology in Leipzig, 


‘many, who led the FOXP2 study. 
The me/r paper is “logical, ele- 
‘gant, and convincing.” says anthro- 


pologist Nina Jablonski of Pennsyl- 
vania State University in Univer- 
sity Park. “Ita great paper." agrees 
‘molecular geneticist and pigmenta- 
tion expert Rick Sturm of the 
University of Queensland in 
St. Lucia, Australia 
Many of the Nea 
cavorting in museum dioramas 
around the world already have pale 
skin or red hair, because anthropol 
ogists have long predicted this col- 
‘oration on the basis of evolutionary 
theory. The dark skin beneficial in 
Aftica offers no advantage at hig 
latitudes, and in cloudy Europe, 


indertals 
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pale skin facilitates vitamin D production, 
Jablonski says. But there was no proof of 
Neandertals’ looks until a team led by Carles 
Lalueza-Fox of the University of Barcelona 
in Spain and Holger Rompler of the Univer 
sity of Leipzig in Germany set out to retrieve 
the mer gene from a 43,000-year-old Nean- 
dertal from El Sidrén, Spain, and a $0,000 
year-old specimen from Monti Lessini, Italy. 

MCIR isa cell membrane receptor that 
helps regulate the balance between red-and- 
yellow-colored pheomelanin and black-and- 
ibrown-colored eumelanin. Living people with 
variations that make the receptor work poorly 
tend to have red hair and pale skin, although 
other pigmentation genes also have strong 
effets (Science, 2 March, p. 1215). 

Using the polymerase chain reaction (PCR) 
tottarget and amplify the gene, the rescarchers 
found a point mutation not scen in living 
humans. They checked about 3700 people, 
including everyone involved in the project, 
to be sure that the va 


it was unique to 


Ginger man. Some Neanderta’ had red hair and pale skin, as seenin 
this reconstruction of a French fos 


U.K university in 
antiquities flap 


Neandertals. Next, they explored the variant's 
function by expressing it in human cells and 
found that it impaired the receptor’s activity. "If 


‘you have a variant with this lowaction in mod- 
em humans, you get classically Irish-looking 
redhairand pale skin" in homozygotes, people 
with two copies ofthe variant, says team mem 


ber Michael Hoficiter of the Max Planck Insti- 
tute in Leipzig, The researchers calculate that 
atleast | in 100 Neandertals would have been 
homozygotes. Thus Neandertals and Homo 
sapiens in Europe followed independ 
evolutionary paths to a similar phenotype, 
Lalueza-Fox says, 

'm convinced that what they're saying is 
* says Sturm, who has used similar func- 


real 


tional assays to check me/r variants in living 
people, Lalueza-Fox adds that 
‘may have carried a variety of changes in me/7, 
as we do, and so may have had a spectrum of 
skin and hair colors. 


ndertals 


d 


also used t 


P? gene, They chose 
jons in the 


¢ people with muta 
gene have impaired speech. F 
previously traced the gene in living people 
and suggested that the unique human variant 
was selected relatively recently, less than 
200,000 years ago—long after Neandertals 
and modern humans had diverged (Science, 
16 August 2002, p. 1105), The implication 
was that Neandertals lacked the modern 
human form, Piiibo says. 

But to their surprise, that's not what they 
found when they sequenced the gene from two 
bones from El Sidrin, where Lalueza-Fox runs 
“clean” excavation for DNA 
bones carried the modern human version of 
FOXP2. That doesn't necessarily mean Ne 
dertals spoke as we do, because many genes 
presumably influence speech. But “from the 
point of view of the one gene we know, there's 
nothing to say that Neandertals were different 
from us” intheir language abilities, Paibo says. 

Because the Neandertal FOX? gene 
matched that found in living people, 
Piibo’s team used extra controls to try to 
rule out contamination with modern human 
DNA. For example, they sequenced the 
Neandertal Y chromosome and found that it 
differed from that of living men at five key 
sites, No contamination of the Y chromo- 
some strengthens the case that the FOXP2 
result is real, Paiibo says. 

The Y chromosome finding also argues > 
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against interbreeding between Neandertals and 
the modern humans then entering Europe. “L 
find it paradoxical in some ways,” says 
LLalueza-Fox, who is an author of both studies 
“The papers make Neandertals more like mod- 
cern Europeans, with light skin and hair color 
and language abilities, and yet there are no 
signs of interbreeding with modern humans.” 
But others aren’t yet ready to concede that 


ENERGY POLICY 


either contamination or mixing has been com- 
pletely ruled out. “The additional controls give 
‘one more confidence that contamination is not 
a problem, but we can't be 100% sure,” says 
evolutionary geneticist Jeff Wall of the Univer- 
sity of California, San Francisco, who in 
August reported what he saw as contamination 
in Pabo's group's bulk Neandertal sequencing 
(ScienceNOW, 29 August, sciencenow 


sciencemag.oncgi/content full 2007/8294), 
‘Wall adds that ifthe FOXP2 resultis real, its 
possible that Neandertals acquired the human 
FOXP2 variant by mixing, “Ifthere was admix- 
ture, it wasn’t very much, But we can’t tell if 
there was a small amount’ she can't 
rule out that scenario but considers it 

“unlikely the genetic data so fa. 
“ELIZABETH CULOTTA 


National Academies Make Case for Sustainable Growth 


Use energy more efficiently. Puta price on car- 
bbon emissions. Develop green energy sources. 
Those recommendations on sustainable 
development, from a report released this 
week by dozens of the world’s national 
science academies, may be familiar, But the 
scientists behind the 174-page effort believe 
thatthe urgency of the problem will make up 
for its lack of originality in grabbing the 
attention of policymakers around the globe, 
and they intend to launch a major effort to get 
the message out. “The goal is to work fairly 
deeply into governments,” says Hal Harvey 
ofthe Menlo Park, California-based William 
and Flora Hewlett Foundation, which helped 
fund the report, dubbed Lighting the Way. 
The peer-reviewed report’srecommendations 
reflect the diverse perspective ofthe 15 experts, 
nominated from more than 90 national acade- 
mies, working under the auspices ofthe 7-yearold 
Inter Academy Council (IAC) in Amsterdam, 
the Netherlands, “Meeting the basic enenzy 
needs of the poorest people on this planet is a 
‘moral and social imperative” that technology 
transfer and international efforts could 
address, the report begins. On energy effi- 
ciency, it recognizes that most building con- 
3, Struction will occur in cities ofthe developing 
3 world, and it calls on local governments and 
A scientists to develop sustainable practices. 
© Califomia and Brazil are held upas models for 
2 cnergy efficiency and the use of biofuels. 
2 Report co-chair and director of Lawrence 
i Berkeley National Laboratory Steven Chu 
i 
H 
8 


calls the “international flavor” of the 2-year 
Tort unique, noting that its proposed doubling 
of applied energy research says that the money 
‘must be “internationally coordinated.” 
Co-chair José Goldemberg, secretary for 
the environment in So Paulo, Brazil, 


wwwsciencemag.org, 


Burning issue. New report discusses 
to reconcile China's booming, 


believes that governments are eager to hear 
those messages, and he notes that many 
national academies in the developing world 
already “have close ties to govemments. 
The report, requested by the science acade- 
mies of Brazil and China, was rolled out this 
week with a workshop in Beijing and with 
plans for a follow-up symposium in Brazil 
‘The Chinese Academy of Sciences brokered 
‘a meeting between Chu and Chinese Premier 
Wen Jiabao. and CAS President Lu Yongxiang 
announced plans, including the creation of a 
renewable energy R&D center, to help wean 
(China from its heavy dependence on coal. A 
major element, Lu says, will be a rapid 
expansion of China's nuclear industry, which 
currently generates just 1.6% of the nation’s 
power supply. 

The report’s emphasis on the developing 
‘world should be popular in Washington, D.C 
predicts Paul Bledsoe of the nonprofit 
National Commission on Energy Policy. 
Although Bledsoe believes that “speedy US. 


actionis a necessary precursor” tosustainable 
policies in the developing world, he notes that 
the willingness of developing nations to 
tackle the problem has been “the sticking 
point [in Washington] all along.” Roughly 
‘one-fourth of the $550,000 the Hewlett Foun- 
dation spent on the report is devoted to an 
international media push that would bolster 
outreach by individual academies, 

Chu hopes the new report will make a big- 
ger splash than other academic efforts; previ- 
ous IAC reports on women in science and 
African agriculture, for example, have caused 
barely a ripple. His model is the 2005 U. 
National Academies’ report on U.S. science 
priorities, Rising Above the Gathering 
Storm, that served as te basis for the America 
COMPETES Act. which became law this sum 
mer. “We didn’t make claims for original 
says Chu, a member of that panel, too. [But] 
that report was incredibly success” 

~ELIKINTISCH 
With reporting by Richard Stone in Beijing. 
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NUCLEAR PHYSICS 


Neutron-Laden Nucleus Pushes Limit 


‘Nuclear physicists are striving to find out 
how many neutrons can be packed into a 
nucleus. Buta newly discovered nucleus sug 
gests that the limit may be higher than theo- 
rists had thought—perhaps too high for 
experimenters to reach. 

‘The new nucleus, aluminum-42, contains 
13 protons and 29 neutrons, somany neutrons 
that calculations had suggested that it could 
not form, Yet Thomas Baumann and col- 
leagues at the National Superconducting 
Cyclotron Laboratory at Michigan State Uni- 
versity (MSU) in East Lansing produced 
23 copies of the highly unstable nucleus, as 
they report this week in Name. 

“It’s beautiful,” says Olivier Sorlin, an 
experimenter atthe French laboratory GANIL 
inCaen, I'm quite surprised that they found it. 
We tried and did not succeed.” 

‘Aluminum-42 could cast a Tong shadow in 
the study of rare isotopes. Physicists plot the 
known nuclei on agridlike chart with the num- 
ber of protons running up the chart and the 
number of neutrons running across it, The 
nuclei lie in a broad swath that is bounded 
above by the so-called proton drip line, which 
shows which combinations of protons and neu- 
trons are too rich in protons to form a nucleus, 
and below by the neutron drip line, which 
shows which combinations are too loaded with 
neutrons to stick together (see Figure). Accord- 
ing to two theoretical models, aluminum-42 
lies on the wrong side of the neutron drip line 
and should not exist, even fleetingly. 

If aluminum-42 exists, then aluminum-43, 
44, and -45 may also exist, says MSU's 
Michael Thoennessen. That's because 
aaluminum-42 has one lone neutron in ashelt” 
that can hold as many as four, In fact, the team: 
spotted one possible example of aluminum-43, 

.¢ as well asthe nucleus magnesium-40. But the 

8 possibility that 32 neutrons could be packed 


‘ie ADAPTED FROM BAUMANE ETAL, NATURE DSOCTOEER: 
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into the aluminum nucleus means that the neu- 
tron drip line may lie too far away to be reached 
even with new facilities such as Japan’s 
Radioactive Isotope Beam Factory at the 
RIKEN laboratory in Wako or Germany's 
Facility for Antiproton and lon Research 
under construction at GSI in Darmstadt, 
‘Thoennessen says. 

To make aluminum-42, the MSU team 
blasted calcium-48 nuclei, which have 20 pro- 
tonsand 28 neutrons, through a tungsten target. 
Very rarely, the violent collision stripped off 
seven of a calcium-48 nucleus’s protons and 
gave itan extrancutron to make aluminum-42. 
‘To make aluminum-45, the incoming nucleus 
‘wouldhaveto snatch up four neutrons, an event 
so improbable that seeing it is “really at the 
edge of what's possible in any foreseeable 
future," Thoennessen says. 

Not everyone is convinced that the drip tine 
has retreated beyond reach, “It'san open ques- 
tion whether this [observation] pushes the drip 
line out generally or if there is alittle bulge in 
that region” around aluminum, says Richard 
Casten of Yale University, Witold Nazarewicz, 
a theorist at the University of Tennessee, 
Knoxville, and Oak Ridge National Labora- 
tory, says that the position of the drip line was 
not known precisely to begin with. “I think that 
most theorists would say that the models they 
looked at are simply not reliable for subtle 
details along the drip line.” he says. 

Even so, the existence of aluminum-42 
undermines a key concept in nuclear physics, 
Sorlin says. Researchers know that nuclei with 
28 neutrons are generally especially stable. So 
the fact that aluminum-42, with 29, holds 
together even for an instant suggests that the 
“magic number” 28 disappears at the drip line, 
Sorfin says. No matter where the drip line les, 
aluminum-42 has given physicists plenty to 
think about. “ADRIAN CHO 


‘A nucleus too far. Two calculations of the dip line solid and dashed lines) suggest 
that aluminum-42 shouldn't exis. 


Slow Down, You Move Too Fast 


Physicists developing an engineering design 
for the proposed multbillion-dollarinter- 
national Linear Collider (ILO) are getting ahead 
of themselves, Raymond Orbach, under- 
secretary for science atthe U.S. Department of 
Energy (DOE), wamed this week. Speaking at 
Fermi National Accelerator Laboratory in 
Batavia, Illinois, Orbach said physicists must 
follow the department's protocol that requires 
a large project to pas five critical decision 
milestones. The ILC has not passed the first, 
which allows researchers to proceed from basic 
R&D to design, Orbach said. Previously, DOE 
officials had been “completely open” toa less 
formal approach, says Caltech’s Barry Barish, 
who leads the design team, What counts a5 
“engineering design” remains to be deter- 
‘mined, he says. ADRIAN CHO 


Degrees of Magnitude in Russia 


Russia has joined a Europe-wide effort to cre 
ate a two-step progression in higher educa 
tion that wil shorten training for most stu- 
dents and save the government money. Last 
week's vote by the Russian parliament, in line 
with the 199 Bologna process on higher 
education reform, creates a 4-year bachelor’s 
degree and a 2-year master’s degree that 
would replace the current 5-year degree that 
most students now receive. The change would 
ointo effect in September 2009, although 
‘universities may implement it earier, 
Opponents complained that the law fails to 
spell out the new curriculum for the higher 
degree and restricts dactorate-seekers to those 
already holding a master’s degree. But sup- 
porters said the changes address the country’s 
labor needs by allowing students to graduate 
sooner and make the Russian degrees more 
compatible with those from the rest of Europe. 
VITALI LIPIK. 


Cell Research Fused 


Chinese and Australian scientists are combining 
their stem cel expertise in anew partnership. 
The $1 million Australia-China Centre for Excel- 
lencein Stem Cells, announced this week, will 
forge a link between Peking University Stem 
Cell Research Center and Monash University 
Immunology and Stem Cell Laboratories. The 
new centers intial push wil be using adult 
‘mesenchymal stem cells to treat cancer and dis- 
eases of the lung and liver, says Richard Boyd, 
director of the Monash lab. “Combining stem 
cell biology and immunology wil push the field 
forward,” adds Peking lab chief Li Lingsong. 
“ELIZABETH FINKEL 
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NUTRITION 


Dietary Guidelines Spark Flap Over Fish Consumption 


Recommendations from a nonprofit group 
urging pregnant women to boost their fish 
consumption—contrary to U.S. guide- 
lines—sparked widespread criticism earlier 
this month, in part because the review was 
funded by the fisheries industry. 
The advisory from the National 
Healthy Mothers, Healthy Babies 
(HMHB) Coalition has been 
missed by health advocates and 
government officials alike. Yet 
some researchers not involved in 
the furor say that industry spon- 
sorship should not obscure the 
fact that fish consumption has 
plummeted because of federal 
guidelines —and that standards 
should be reconsidered. 

Ina statement issued on 4 Octo- 
ber, HMHB and 14 researchers 
who reviewed the literature 
advised pregnant women fo eat at 
least 12 ounces of fish each week 
to provide the developing fetus 


PUBLIC POLICY 


with brain-building omega-3 fatty acids. That 
contrasts with the position of the U.S. Food 
and Drug Administration (FDA) and the 
Environmental Protection Agency (EPA), 
which in 2004 recommended that pregnant 


Caveat consumptor. Adiet of fish during pregnancy can both help 
and harm a fetus’s developing brain. 


‘women consume no more than 12 ounces a 
‘week to limit their intake of mercury. 

Government agencies reacted swiftly 
to HMHB's pronouncement. Three of 
HMHB's members—the National Institute 
of Child Health and Human Development, 
the Centers for Disease Control and Pre- 
vention, and the Health Resources and Ser- 
ices Administration—rejected the advice 
ina letterin The Washington Post. FDA and 
EPA announced that their guidelines 
wouldn't be changing, 

Critics fault HMHB for accepting 
360,000 from the National Fisheries Inst 
tute, an industry group, to disseminate the 
recommendations, along with honoraria of 
$1000 101500 perrescarcher. HMHB Exec- 
utive Director Judy Meehan says the group 
ave no thought to how the industry funding 
‘would be perceived. 

“People seem to have strong opinions” 
about fish consumption, but the science is 
“open to lots of interpretation,” says Gary 
Myers, a pediatric neurologist at the > 


Watson Condemned for Comments on Intelligence 


James Watson visited the United Kingdom 
this month to promote his new book, Avoid 
Boring People: Lessons froma Life in Science. 
Butthetourcame toa premature and ignomin- 
ious end last week after the 79-year-old 
Nobelist told a British newspaper that, in 
effect, blacks are less intelligent than whites. 
As Science went to press, 
‘Watson was back in the United 
States hoping to save his job as 
chancellor of Cold Spring 
Harbor Laboratory (CSHL) in 
Long Island New York. 
‘Watson has been the lab’s 
most public face for nearly 
40 years, serving as directorand 
then president before becom- 
ingchancellor in 2004. Hiscur~ 
rent responsibilities inctude 
fundraising for the 117-year- 
oldnonprofitand helping trans- 
formit into a university. Butthe 
lab’s board of trustees, of which 
he is a member, moved swifily 
to distance the institution from 
him after he was quoted in the 14 October 
Surday Times.as saying thathe was “inherently 
gloomy about the prospect of Afiica” because 
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Crossing the line? James 
Watson was suspended as 
chancellor of Cold Spring 
Harbor Laboratory following 
his remarks last week. 


“all our social policies are based on the fact that 
their intelligence isthe same as ours—whereas 
all the testing says not really” 

‘Watson's comments in “no way reflect the 
mission, goals, or principles of Cold Spring 
Harbor Laboratory's Board, administration, 
or faculty,” explained CSHL President Bruce 
Stillman on 17 October. “Cold 
Spring Harbor Laboratory does 
not engage in any research that 
could even form the basis of the 
statements attributed to Dr. Watson.” 
In a second statement the next 
day, the board said it was s 
pending Watson “pending fi 
ther deliberation.” As Science 
went to press, Jim Bono, a 
spokesperson for CSHL, said a 
decision was expected in the 
next few days. 

Watson has a history of making 
sweeping remarks, including his 
suggestion in 2000 that libido is 
linked to exposure to sunlight. But 
this timehe seems tohave gone too 
far. “You get to the end of the rope at some 
point,” says one trustee who spoke to Science 
‘on the condition of anonymity. “The feeling 


was that something very inappropriate had 
‘occurred and some action needed to be taken.” 

Watson has apologized for the remarks, 
which also prompted London's Science 
Muscum to cancel a scheduled talk. “I cannot 
understand how I could have said what 1 am 
quoted as having said” he told The Associated 
Press. “To all those who have drawn the infer- 
ence frommy words that Africa, asa continent, 
is somehow genetically inferior, I can only 
apologize unreservedly” But in a 19 October 
commentary published in The Independent, 
‘Watson seemed also to put up a defense, “The 
overwhelming desire of society today is to 
assume that equal powers of reason are a uni- 
versal heritage of humanity," he wrote, “It may 
well be. But simply wanting this to be the case 
isnot enough. This isnot science." 

Neither were his own comments, says 
Harvard University psychologist Howard 
Gardner, “He has taken an extremely com- 
plex set of issues—what is intelligence, 
what is race, how valid are IQ tests—and 
reduced them to a provocative sound bite,” 
says Gardner. As someone “of almost unique 
prestige in the scientific community.” Gardner 
notes, Watson “has a special responsibility to 
‘watch his tongue.” -YUDHIJIT BHATTACHARJEE 


‘EDR [FOP To BOTTOM: DPAAANDOY: EDMOND TERAKOPLANPA PHOTOSLANDO 
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University of Rochester in New York who has 
helped lead a major study of fish consumption 
in pregnancy, in the Seychelles northeast of 
Madagascar. He and others say it's difficult to 
identify the tipping point at which the risks of 
mercury in fish outweigh the beni 
‘omega-3 fatty acids, 

The topic also pits scientific disciplines 
‘against each other. “Environmental health peo- 
ple see the effects of mercury on the brain and 
get scared; nutrition people says there's this 
great nutrient and people aren’t getting 
enough,” says Emily Oken, a nutrition 
researcher at Harvard Medical School in 
Boston who focuses on women’ health, In her 
own study of 135 babies and their mothers, 
Oken found that hij 


GLOBAL CHANGE 


Tinkering With the Climate to Get Hearing 


Should scientists and engineers seriously con- 
sider large-scale alterations of the clima 
stave off the worst effects of global warming? 
Several dozen top US. climate scientists will 
explore that controversial question next month 
in 42-day invitation-only workshop at Harvard 
University designed to explore whether direct 
interventions might be needed to supplement 
efforts to reduce greenhouse gas emissions. 

Curbing greenhouse warming man 
0 tospeak, could offera more immedi 
possibly simpler solution to climate change 
than the massive overhaul of energy systems 
that would be needed to cut glo 

§ house gas emissions, Ideas include removing 

# CO, from the atmosphere by forcing air 

through absorbers or stimulating plankton 

arowth, and shading the planet with aerosols 

But many prominent climate scientists have 

been leery of even discussing such possibili- 

ties for fear that they could provide policy- 
makers with an excuse not tocut carbon emis- 
sions, or that the technology comes with seri- 
oussideeffects. As result, says Harvard geo- 
rag, who is organizing the 

ave occurred mostly 
among advocates. “I wanted to get the main- 
stream climate community .., to look closely 
at this thing,” he says. 

The 8 to 9 November meeting will include 

climate heavyweights such as James Hansen of 

NASA, Kerry Emanuel of the Massachusetts 

Institute of Technology in Cambridge, and 

Mark Cane of Columbia University. Its focus 

.ill be on ways to lower the atmosphere’s tem- 

perature, including releasing massive amounts 

of sulfates into the atmosphere to mimic the 


mal green- 
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mercury levels, measured in a mother's hair, 
decrease it. Buton balance, she wrote in a200S 
paper in Environmental Health Perspectives, 
more fish in the diet was still associated with 
better cognition. 

In general, scientists note that both the 
benefits and drawbacks of fish are small for 
individuals, although they can be signifi- 
cant across a population. Exposure is usu- 


ally measured as mercury in maternal hair. 
Some studies show that an increase in this 
index is linked to very subtle cognitive 
changes, including reduced word recall and 
a I-point loss in 1Q. HMHB's guidance gave 
little weight to the risks of mercury and did 
not recommend that pregnant women avoid 
high-mercury fish. 

Even some who worry that pre; 


nant 


natural cooling effects of volcanic eruptions 
Such an approach was publicized last year by 
Nobelist Paul Crutzen, an atmospheric 


Solar shield. The University of Arizona's Roger Ange has calculated 
that tilions of orbiting disks could refract sunlight and reverse 
catastrophic global warming. 


chemist at the Max Planck Institute for Chem- 
istry in Mainz, Germany (Science, 20 October 
2006, p.401). 

‘Scientists pondering geoengincering ideas 
angue that such cooling schemes could be hard 
to control and wouldn't address the acidifica- 
tion of the oceans caused by CO,. Others 
worry that any discussion of the topic will 
undermine political momentum to cut green- 
house gas emissions. These include atmos- 
pheric scientist Elisabeth Moyer, who before 
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women consume too little fish say that 
MBS: guidelines focus too much on the 
benefits of fish, just as the federal recom- 
mendations are faulted for overemphasiz~ 
ing the risks, In response, Patricia Nolan, a 
public health physician at Brown Univer 
sity who helped craft the HMHB recom- 
mendations, said in an e-mail that “we 
emphasized the positive because women 
c decreasing or eliminating already low 
fish consumption.” 

But what's really needed, says David 
Bellinger, a neuropsychologist at Harvard 
Medical School, is a more nuanced review 
that would give pregnant women a fuller pic 
ture of how specific types and quantities of 
fish in the diet could affect their baby-to-be. 

“JENNIFER COUZIN 


at Harvard Meeting 


leaving Harvard for the University of Chicago 
told Schrag thatthe conference should be held 
off campus or without publicity. “I had 
concerns about lending the con- 
ference the prestige of the Harvard 
name. 


The conference can be 


‘viewedas an endorsement [of geo- 
cengineering].” she says. Even $0, 
Moyer thinks that “itis critical to 
discuss the idea, 


niques, and geologic carbon 
sequestration could supplement 
the real emission cuts required to 
ve off dangerous climate change 
and avoid the need for geoengi- 
neering efforts. He hopes to spread 
that message at the meeting. “The 
potential for stabilizing climate is 
‘more than realized” he says. Buthe 
agrees with Schrag that geoengi- 
neering should still be explored, as 
future policymakers might seek to 
do it whether or not scientists 
‘understand it. “I don’t think scien- 
tists should shy away” from the topic, he says. 
The fact that the meeting is taking place at 
all marks a new phase of urgency among cli- 
mate scientists, says modeler Ken Caldeira of 
the Carnegie Institution of Washington in 
ford, California. In a 1998 paper, Caldeira 
called the aerosol approach “a promising strat- 
egy” although he argued that emissions cuts 
remain “the most prudent” course of action, “A 
decade later, a bunch of people are coming to 
the same point,” says Caldeira, -EU MINTISCH 
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Two Therapies Release Different 
Brakes on Impulsive Behavior 


To unlock rigid limbs and restore their 
mobility, people with Parkinson’s disease 
often require strong therapy, such as drugs 
that boost levels of the neurotransmitter 
dopamine—and if that fails, stimulating 
electrodes implanted deep in the brain. Yet 
these treatments can trigger impulsivity: 
Pathological gambling and hypersexuality 
have been associated with dopa 
mine drugs, for example. 
Impulsive behavior can 
also accompany deep 
brain stimulation (DBS), 
but the electrical 
treatment promotes it 
in different ways than 
the drugs do, accord- 
ing to a study pub- 
lished online this 
week by Science 
(www.sciencemag. 


org/cgi/content/ 
abstract’ 1146157). 


Michael Frank and 
colleagues at the Univer- 
sity of Arizona, Tucson, 
report that DBS interferes: 
with patients’ normal ten- 
dency to hesitate when faced with a difficult 
decision, whereas dopamine drugs interfere 
with the ability to learn from bad experi- 
ences, Although the study doesn’t immedi- 
ately point to ways to counteract such impul- 
sive tendencies, other researchers say that 
the work does shed light on the neural mech- 
‘anisms that control our thoughts and actions. 
“It's an advance towards understanding the 
architecture of cognitive control in the 
human brain,” says Adam Aron, a cognitive 
neuroscientist at the University of Califor- 
nia, San Diego. 

Frank and his team used a computer 
game to investigate decision-making in 
15 people with Parkinson’s disease taking 
dopamine drugs and 17 patients receiving 

¥ DBS targeted to the subthalamic nucleus, 
§ part of the network of brain regions dis- 
§ rupted by the disease. In the initial learning 
§ se, the participants saw pairs of unfamil- 
2 iar squiggles (actually Japanese hiragana 
i 
i 


characters) and were told, without further 
instruction, to pick the one that was “cor- 
rect.” Unbeknownst to the subjects, each 
character had a fixed success rate: In one 
pair, for instance, one character caused the 
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word “Correct!” to flash on the screen 
80% of the time, whereas the other was cor- 
rect the remaining 20% of the time. With 
practice, the people generally picked the 
character with the highest success rate. 
Next, the researchers presented new 
pairings of the same characters. Healthy 
subjects and medicated patients hesitated 
for a split second when faced 
with a pair of characters 
with similar success 


Wired. Deep brain elecrodes 
‘may stimulate impulsivity 
as well as mobility in 
Parkinson's patients. 


rates. DBS patients, 
on the other hand, 
made faster choices 
when the alterna- 
tives were similarly 
attractive. This ten- 
dency to rush close calls 
vanished when researchers 
tested the same DBS patients 
with the stimulating elec- 
trodes turned off. The find- 
ings, says Frank, bolster his group's sug- 
gestion that when a difficult decision 
presents itself, the normal role of the sub- 
thalamic nucleus is to send a “hold your 
horses” signal to other parts of the brain 
to allow more time to weigh the options. 
DBS interferes with this signal, leading to 
hasty choices, Frank hypothesizes. 

Dopamine-boosting drugs had no effect 
on the speed of decisions, but they did 
reduce patients’ tendency to avoid bad 
choices that had burned them in the past 
(such as picking the character with a 20% suc- 
cess rate). That fits with previous work, 
and it may help explain why some med- 
icated patients with Parkinson's disease 
keep gambling despite repeated losses, 
says cognitive neuroscientist Roshan 
Cools of Radboud University Nijmegen in 
the Netherlands. 

“What's really novel is the argument 
here that there are multiple pathways by 
which these impulsive behaviors can 
occur,” says Cameron Carter, a cognitive 
neuroscientist at the University of Cali- 
fornia, Davis. 


~GREG MILLER 


The Million-Dollar Genome 


Beijing Genomics Institute's (BGI's) Shenzhen 
branch made a splash this month with the 
announcement that ithad sequenced the first 
complete genome of a Chinese individual, the 
third personal genome sequenced this year, 
after those of}. Craig Venter and James Watson, 
‘Now the new kid on the genome block is 
offering its service to any Chinese who can, 
plop down $1.3 million. 

‘BGI Shenzhen, also known as Shenzhen 
Huada, was incorporated last April as a non 
profit research organization funded primarily 
by local governments. The institute plans to 
sequence 99 more Chinese genomes as part 
of a 100-person project to map DNA poly- 
‘morphisms in the Chinese population. To help 
finance the endeavor, Shenzhen Huada is 
offering wealthy Chinese the opportunity to 
hhave their own genome completely sequenced 
and analyzed. Forty percent of the income will 
go to a foundation to support Shenzhen 
Huada’s health-related genomic research, 
including a plan to sequence 10,000 
genomes of the dominant Han and ethnic 
‘minority Chinese as well as other East Asians, 
says BGI Director Yang Huanming. Another 
project sequencing the panda genome is 
already under way. HAO XIN 


Updates 

‘© The ITER Organization—which aims to 
show that nuclear fusion isa viable power 
source—came into being this week, 2 decades 
after the idea was proposed. The European 
Union and six member nations have ratified the 
necessary agreement and will now begin build 
ing a €5 billion reactor in Cadarache, France. 


Last week, six universities joined the ranks 
of the German elite, Government officals 
announced the winners of a second round of 
funding designed to boost a few top univers 
tiesto world-class status (Science, 20 October 
2006, p. 400), Winners this time were the 
RWTH Aachen University Freie Universitit 
Berlin, the University of Freiburg, the Univer- 

ity of Gattingen, the University of Heidel- 
berg, and the University of Konstanz. They 
join last year's three winners in receiving an 
extra €3 million a year in federal funding for 
the next 5 years. 


‘© Hundreds of French researchers gathered 
last week atthe headquarters of the National 
Centre for Scientific Research to protest the gov- 
ernment’ alleged plans to turn the $4.3 billion 
institute into a funding agency. The government 
will announce its plans for CNRS later this year. 
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ARCHAEOLOGY 


University Suppresses Report on 
Provenance of Iraqi Antiquities 


University College London (UCL), one of 
Britain's premier universities, has become 
embroiled in a dispute over its handling of a 
large collection of religious artifacts that 
may have been part of the illicit trade in 
“ological relics from Iraq in recent 
y y of experts 
UCL established to investigate the matter 
concluded that “on the balance of probabili- 
ties,” the artifacts were illegally removed 
from Iraq, and in the past months Iraqi offi- 
cials have taken steps to rec 
Their actions come after UCL agre 
summer to return the collection to its owner, 
a wealthy retired Norwegian businessman 
who had sued UCL for their re As 
part ofa settlement of that suit, UCL agreed 
not to publish the committee's report 

“It is shameful that a university should 
set up an independent inquiry and then con- 
nive with the collector whose antiquities are 
under serutiny to suppress the report 
through the vehicle of an out-of-court set- 


tlement,” says Colin Renfrew, an archacolo- 
gist at the University of Cambridge, U.K., 
and a longtime critic of trade in antiquities 
of questionable provenance. Renfrew was 
cone of three experts appointed by UCL in 
carly 2005 to look into allegations about the 
provenance of the Aramaic incantation 
bowls and to propose new antiquities guide- 
lines. Neil Brodie, an archacologist at Stan- 
ford University in Palo Alto, California, and 
former research director of Cambridge's 
licit Antiquities Research Centre—created 
by Renfrew in 1996—calls suppression of 
the report “an attack on academic freedom, 
because the illegal trade in antiquities is a 
legitimate research subject 

Salah al-Shaikhly, Iraq's 
ambassador to the United King- 
dom, told Science last week that 
Iraqi authorities have asked 
British authorities to block the 
export of the bowls and that the 
Iraqi government hopes to go to 
court to recover the bowls “in a 
matter of weeks.” The removal of 
the artifacts, al-Shaikhly says, 
is “a great loss to the Iraqi 
national heritage.” 

The affair has also caused 
considerable discomfort within 
the univers: 


's Institute of 


Archaeology, which has played a 
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leading role in developing strict 
antiquities rules. “I deeply regret 
the fact that the panel's report will 
not be published,” says UCL 
archaeologist Kathryn Tubb, 
who co-wrote the institute's 
guidelines. “The results of the 
deliberations were to have 
informed future policy for the 
whole of UC 
UCL officials have refused to 
comment on the matter, and Martin 
Schoyen, the owner of the bowls, 
declined to be interviewed for this 
story. But a series of press statem 
on the Schoyen Collection's Web site 
(www.schoyencollection.com/news.htm) 
explains that “any 
the Schoyen Collection might be looted is, 
incorrect.” The Web site notes that the arti- 


ts 


ssertion that the bowls 


facts came from a Jordanian collection 
“built over many years.” 

The UCL committee of inquiry’s 
report—a copy of which Science has 
reviewed—concludes that the bowls most 
likely left Iraq illegally sometime after 
August 1990, when Iraq invaded Kuwait. 
schayen subsequently bought them from 
dealers based in Jordan and London. The 
94-page report says that the committ 
found “no direct evidence that positively 
contradicts or impugns Mr. Schoyen's hon- 
esty” in his account of how he obtained the 
bowls and credits him with “openness” in the 
way he purchased them. But it sharply criti- 
cizes UCL foragreeingto store the bowls with- 
out looking into their origins or “the manner in 
which Mr. Schoyen came to possess them.” 


“A potentially damaging position” 


During th 
ple living in Mesopotamia (present-day Iraq) 
buried pottery bowls under the thresholds of 
their houses to ward off evil demons. The 
bowls were inscribed with biblical passages 
and other incantations in Aramaic, an ancient 
Semitic language. Today, about 2000 of these 
Aramaic incantation bowlsare known to exist 
in public and private collections around the 
world. Schayen owns one of the two largest 
collections, numbering 656, andbeginning in 
1995, loaned 654 of them to UCL‘ Depart- 
ment of Hebrew and Jewish Studies to be cat- 
aloged and studied. The research was led by 
linguist Shaul Shaked of the Hebrew Univer- 
sity of Jerusalem, in collaboration with 
UCLS Mark Geller, an expert 
in ancient languages, 

In September 2003, a doc: 
umentary aired on Norwegian 
public television that ques- 
tioned the provenance of a 
number of antiquities in 

oyen’s collection —which 

is based in Oslo and Lon- 
é don— including the incanta- 
g tion bowls. 


Sthto 8th centuries C.E, many peo- 


cording to the 
committee's report, questions 


Worton to write Geller on 
2 December 2003, directing 
him to make arrangements to 
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‘Away all demons! Ancient Mesopotamians used 
bbowis inscribed in Aramaic to repel evil spirits 


return the artifacts to Schoyen—an order 
that the report says was never carried out, 
(Both Worton and Geller declined to com- 
ment on this and other matters related to 
the bowls.) UCL also consulted its attor- 
ney, who, according to the committee 
report, told UCL on 10 September 
2004 that it was in “an anomalous and 
potentially damaging position” 
because it might be violating inter~ 
national and British antiquities laws 
by keeping the bowls—or returning 
them to Schoyen—if the bowls had 
been removed illegally from Iraq. 

In early 2005, UCL set up the commit- 

tee of inquiry that, Worton explained in a 
16 May 2005 press release, would allow UCL 
“to be absolutely clear about the provenance 
of these bowls, and to satisfy ourselves that 
they were not removed illegally from their 
country of origin.” He said the committee's 
report would also “provide a model for best 
practice in dealing with the complex cultural 
issues that can arise from such situations 

The committee—comprised of David 
Freeman of the London law firm Kendall 
Freeman; Sally MacDonald, now director of 
UCL Museums and Collections; and 
Renfrew—took testimony from three dozen 
‘witnesses, including Schoyen and two London 
based antiquities dealers who, the commit- 
tee determined, sold him many of the incan- 
tation bowls. Schoyen and the dealers told 
the committee that nearly all of the bowls 
had come from the family collection of 
Ghassan Rihani, a Jordanian antiquities 
dealer who reportedly died in 2001. But 
the committee found “unconvincing” two 
Jordanian documents that Schoyen offered 
in support of his claim that the incantation 
§ bowls had been legally transferred from Jor- 
8 dan to London. 

In an interview with Science, one of the 
two London dealers, Chris Martin, says 
Rihani had some incantation bowls in 
lection at least “3 or 4 years” before the 1991 
Gulf War. The committee calculated that 
Martin sold Schoyen 444 of the incantation 
bowls, of which at least 300 came from 
Rihani. After a time, Martin says, Schoyen 
began to buy directly from Rihani and, 
according to the report, acquired another 
174 bowls this way. 

The committee’s report cites the testi- 
£ mony of four experts in ancient Mesopotamia 

that nearly all known incantation bowls come 
© from Iraq, which since 1936 has forbidden 
8 the export of antiquities except for exhibi: 
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tions and research. “The bowls were present 
in Iraq when the 1936 Law came into force .. 
and therefore] were the property of the State 
of Iraq” at the time that Schoyen purchased 
them, the report concludes, even if Schoyen 
may not have realized this. Nevertheless, the 
committee found that, under U.K. law, 
‘Schayen could still claim title to the bowls if 
he had already possessed them for 6 years and 
could demonstrate that he had bought them in 
good faith. 


Claiming the bowls 
The committee's report, dated 27 July 2006, 
contains a number of recommendation: 
including that it “be published in full 
Indeed, Renfrew told Science, the panel pre~ 


The collector. Martin Schoyen top) sued University 
College London (be/ow) to get back his artifacts. 


pared the report “in the expectation that it 
would be published.” Nevertheless, the 
panel proposed delaying publication for 
6 months while copies were sent to 
‘Schayen, the antiquities departments of Iraq 
and Jordan, London's Metropolitan Police, 
and two other British government agencies 
Although UCL officials have declined to 
comment on any aspect of the affai 
Renfrew says UCL attomeys told the com- 
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mittee early in 2007 that the university would 
“omit the legal arguments and conclusions 
and recommendations” in summaries being 
sent to Iraq, Jordan, and the police. 

The report has not been published, how- 
ever, On 9 March 2007, the Schayen Collec- 
tion announced that it was suing UCL to 
recover the incantation bowls. A press release 
‘explained that it “has become frustrated with 
the waste of time and money caused by a 
lengthy and inconclusive inquiry into its 
provenance” and added that it had “losft} con- 
fidence in UCLS conduct ofits inquiri 

Meanwhile, on 26 June, Schoyen and UCL. 
issued a joint press statement signaling an end 
tothe litigation, “Following a searching inves- 
tigation by an eminent panel of experts, and 
further inquiries of its own,” the statement 
declared, “UCL is pleased to announce that no 
claims adverse to the Schoyen Collection's 
right and title have been made or intimated” 
and that “UCL has no basis for concluding that 
titleis vested other than in the Schoyen Collec 
tion.” The bowls have been returned, the sta 
‘ment sti “and UCL has agreed to pay a sum 
in respect of its possession of them.” 

Jenina Bas, media spokesperson for the 
Schoyen Collection, declined to sary where the 
bowls are now located, citing “security rea- 
sons." However, Shaked told Science that they 
are still in the United Kingdom. Al-Shaikhly 
saysthat Ing did not immediately makea claim 
on the bowls because “lawyers in England are 
very expensive.” He adds that culture ministry 
officials in Baghdad discussed the matter for 
several months before agreeing to proceed. 

In the meantime, Shaked says that he plans 
to continue his research. “It is my respansibil- 
ity asa scholarto work on any ancient artifact 
that has information to tell us” he told Science, 
staking out one side of a bitter debate among 
archacologists about whether researchers 
should work with unprovenanced antiquities 
(Science, 28 April 2006, p. 513). The otherside 
believes that researchers and collectors are 
morally obligated to carry out what archacolo- 
gists call “due diligence” into the provenance 
of the antiquities they work with. “Due dili- 
genceis atthe heart ofthe discussion about the 
antiquities market,” says archaeologist David 
Gill of Swansea University in Wales. “If 
respected international institutions are unable 
or unwilling to release the findings of this 
process, archaeologists begin to smell a rat.” 

Renfrew agrees with Gill's assessment of 
the situation. He calls suppression of the report 
“huge mistake" and believes it was motivated 
by the university's desire to avoida costly legal 
battle. “If so,” Renfrew says, “they have sold 
their souls foramess of pottage.” 

“MICHAEL BALTER 
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thinking and 
logistical realities has sparked 
an intense debate over how bes! 
to deliver bed nets to combat 
malaria in Africa 


JEFFREY SACHS IS AN IMPATIENT MAN. 
Ina widely promoted editorial in The Lanceton 
21 June, the economist, public health advocate, 
and head of Columbia University’s Earth Insti- 
tute lita fine under the organizations and indi~ 
Viduals involved in battling malaria, He called 
on international donors, in essence, to blanket 
sub-Saharan Africa in insecticide-treated bed 
nets (ITNs)—for free, and right now, 

The delay in delivering bed nets “is one of 
the shocking crimes of our time,” says Sachs. 
He blasts donors for trying to save money 
instead of lives by targeting nets only to the 
‘most vulnerable groups, pregnant women and 
‘young children—and often charging the recip- 
ients a modest fee. That strategy penalizes the 
poor, who can’t afford to pay, and fails to take 
full advantage of the “herd effect” nets can pro- 
vide by reducing the numbers of mosquitoes 
that transmit the disease, Sachs argues. By con- 
trast, providing one bed net for every sleeping 
space—which he estimates would cost about 
60 cents a year per person—could slash 
malaria transmission in Africa by 90%, he 
says, In the absence of a vaccine, he maintains, 
fiee universal bed-net distribution, accompa- 
nied by rapid access to state-of-the-art anti- 
malaria drugs, is the best solution to Africa's 
malaria crisis, which kills an estimated 1 mil- 
lion people a year, 

Itsounds simple, and it’s hard toangue with 
the goal, especially against someone of Sachs's 
stature. But some malaria experts disagree 
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all solution to malaria 
says malaria researcher Christian Lengeler of 
the Swiss Tropical Institute in Basel, who says 
he has developed a different perspective from 
15 years of working on the ground in A frica 
Without question, bed nets are the best 
interventionavailableto prevent malaria. And 
everyone agrees that coverage, although ris- 
ing, remains far too low. But they differ on 
whether giving a net to almost everyone, 
adults and children alike, is the best use of 
scarce resources. Critics complain that a big 


new program would disrupt existing strate- 
gies for malaria control that have worked re: 
sonably well, if not perfectly. And they ques- 
tion whether donors would continue to foot 
the bill once malaria cases plummet and other 
diseases become relatively bigger killers of 
Africa's children. 

“These are real substantive issues,” says 
Mark Grabowsky, the malaria program man- 
ager at the Global Fund to Fight AIDS, Tuber- 
culosis, and Malaria, which was created in 
2000 to help the world's poorest countries fight 
those diseases. “There are true believers on 
both sides.” agrees Richard Steketee, the si 
‘ence director of the nonprofit Malaria Control 
and Evaluation Partnership in Africa, head- 
quartered in Seattle, Washington, which is 
helping Zambia scale up its ambitious malaria 
control program. 


Sachs did win a key endorsement from 
Arata Kochi, head of the Global Malaria Pro- 
amme at the World Health Organization 
(WHO). In late August, Kochi announced that 
WHO would now recommend universal 
access to bed nets, free oF at sharply reduced 
costs. Data just in from Kenya, showinga 44% 
drop in mortality following a huge upswing in 
bed-net coverage, “ended the debate” on how 
best to distribute them, Kochi said. 

That may have been wishful thinking on 
Kochi's part, When Sachs started promoting 
his idea—which he estimates would cost 
‘83 billion a year, including drugs—he touched 
a raw nerve in the malaria community, expos 
ing existing fissures and reopening old 
‘wounds, and the debate has taken a nasty 
personal tum, As special adviser to directors 
eral of the United Nations, past and pres- 
ent, and chief architect of the Millennium 
Development Goals, Sachs commands the 
global bully pulpit like few others, And he has 
usedit to denounce those who resisthis plan as 
obstructionists and even immoral, 

They, in turn, accuse Sachs of heavy- 
handed interference in country policies and of 
almost monomaniacally pushing his view to 
theexchision of all others. “There is one way to 
do things, and that is Sachs's way.” says Nick 
Brown, who coordinates bed-net efforts for 
the National Malaria Control Programme in 
Tanzania, where these issues have recently 
come to a head. 


wwwsciencemag.org 


Simple solution. Decidedly low-tech, insectcide- 
treated bed nets ae one of the most effective tools 
for preventing malaria, 


Net work 
Nobody disputes that ITNs work. A series of 
big clinical trialsin Africa inthe 1990s consis- 
tently showed a 20% drop in childhood mor- 
tality from regular ITN use, Even untreated 
nets protect against mosquitoes, at least until 
they rip. And the treated versions work even 
when they are tom, because they not only 
block contact but also repel or kill the mosqui~ 
toes that transmit the malaria parasite. Until 
recently, however, they have had to be 
retreated at least yearly, a significant hurdle. 
New long-lasting nets that are effective for S 
‘years are helping solve that problem. 
Lack of money for malaria control hasbeen 
the big barrier to widespread net distribution 
Overthe years, donors and countries alike have 
scrambled to stretch dollars to get nets to 
here they would do the most good. That lim- 
itation gave rise to the consensus strategy: 
adopted in the late 1990s by WHO, the Roll 
Back Malaria Partnership, and donors such as 
the World Bank, the U.S. Ageney for Inter- 
national Development, and the U.K. Depart- 
ment for International Development—of, 
targeting those most likely to die from malaria: 
pregnant women and children under age 5 
‘And because dollars were short, donors, health 
workers, and researchers also threw their sup- 
port behind a strategy known as social market- 
ing, which involves priming, or in some cases 
creating, a commercial net industry that, in 
principle, could help make nets available at 
prices most people could afford. 
§ This was the approach adopted in Tanzania, 
§ longheld up asa model for Africa. The program 
there focused on “creating a net culture”: con- 
é people of the benefits of sleeping under 
nets and shoring up a retail indusiry to provide 
i 
EH 
5 
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them, Because much of the country is too poor 
to pay full price, a voucher system was created 
to provide subsidized nets to the most vulnera- 
ble groups. Distributed at antenatal clinics, the 
§ Printed vouchers ened a pregnant woman to 
2 get an ITN for about SI or $1.50, instead of 
@ 53 or S4. “Itwas the paradigm,” says Lengeler, 
jhe helped develop he Tanzania program, 
‘Ata Roll Back Malaria summit in Abuja, 
§ Nigeria, in 2000, the leaders of malaria- 
2 affected countries sct a tanget of getting bed 
3 nets to atleast 60% of the vulnerable groupsby 
2005, a target that has since been boosted to 
& 80% by 2010. But progress has been 
2 painfully slow. By 2002, less than 5% of 
B African children, on average, were routinely 
sleeping under a bed net. And a disturbing 
inequity has persisted: Coverage across A fica 
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Number of insecticide-treated bed nets 
produced worldwide, 2004-2006 (millions), 


has been far lower among the rural poor, who 
are at greatest risk of malaria, than among 
urban and wealthier people 


Sea change 
All that began to change about 2003, with the 
congruence of a big jump in funding for 
malaria, new evidence that nets work even in 
the most challenging settings, and new models 
fornet distribution. 

Thanks in no small part to the advocacy of 
‘Sachs and others and the entry of big donors 
such as the Global Fund, the Bill and Melinda 
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Gates Foundation, the World Bank, and the 
US. President's Malaria Initiative, global 
funding has increased more than 10-fold over 
the past decade. Between 2003 and 2006, the 
Global Fund alone pumped $1.7 billion into 
malaria, and the number of bed nets it dis- 
tributed in Africa surged from 1.35 million to 
18 million, Available fiunds continue to climb, 
says Grabowsky: “The rate-limiting step is no 
longer money but the ability of countries to 
absorb it” 
Also in 2003, the last of the five big clinical 
trials of ITNs in Africa provided the firmest 
evidence yet of the so-called community effect, 
akin to the herd effect provided by vaccines. 
People in nearby control villages who weren't 
sleeping under nets experienced a substantial 
drop in malaria mortality as well. That's 
because ITNs, which in the trial were targeted 
tothe entire household and not just vulnerable 
groups, were reducing the vector population 
and thus the chances person would encounter 
an infected mosquito. 

‘The new results from Kenya changed per- 
ceptions. They meant that bed nets, like vac- 
cines, should be seen “as a public good, worthy 


of public support,” wrote William A. Hawley of 


the U.S. Centers for Disease Control and Pre- 
vention (CDC) in Atlanta, Georgia, and other 
leading malaria researchers in an accompany 
ing article in The American Journal of Tropical 
Medicine and Hygiene. To make a real dent 
in malaria, everyone should have a bed net, 
Hawley and colleagues proposed, And increas 
ingly, experts such as Sachs and colleagues 
Christopher Curtis of the London School of 
Hygiene and Tropical Medicine and Awash 
Teklchaimanot of the Earth Institute were 
saying bed nets should be free. 

Exactly how many nets are needed for 
maximum impact is hard to quantify. A 2007 


oar 
‘Voucher scheme. Women in Tanzania receive vouchers at antenatal ctinics, which they can redeem at local 
shops o purchase subsiized bed ets. 
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study by Gerry Killeen of 
the Ifakara Health Research 
and Development Centre 
in Tanzania and others, 
including Lengeler, sug- 
gests that 60% coverage of 
all adults and children 
enough. Sachs thinks it is 
closer to 80% and argues 
that the cost is so low, itis 
absurd to settle for less than 
full coverage, Whatever the 


of charge, and the number of 
households owning a bed 
net skyrocketed from 5% to 
91%, says Grabowsky, who 
adds that education is essen- 
tial to ensure that ownership 
translates into use. 

Sachs raves about the 
results. These joint cam- 
paigns “have the capacity to 
reach the very isolated rural 
areas in the poorest coun- 


number, “there is likely 1/1 Clelay in de tries,” Sachs told Science. 
some incremental value to ec nets “is one of — “Itisastounding how much 
cevery bed net in the commu- : p coverage itis possible to get 
nity,” says Grabowsky. the shocking crimes jn these campaigns. In 

People widely credit of our time.” Togo, Sierra Leone, Niger, 


Grabowsky for coming up 
with the model that would 
transform net delivery. 
Then in charge of measles 
vaceination for A rica for 
the American Red Cross, Grabowsky decided 
to piggyback ITN delivery onto the measles 
infrastructure, Pilot projects in Ghana and 
Zambia in 2002 and 2003 began giving out 
free bed nets to every family with a child 
younger than 5 years old during measles vac- 
‘ination campaigns 

The first nationwide campaign was 
launched in Togo in 2004; Over the course of 


a I- or 2-week campaig. 
gets 70% to 80% coverage 

Other countries and 

n donors, stich as the Global 
Fund and the U.S. Presi- 

dent’s Malaria Initiative, took the cue. 
ince then, there have been a dozen more 
‘mass campaigns, in Ethiopia, Kenya, Niger, 
Sio Tomé and Principe, Angola, and 
Rwanda, to name a few, usually integrated 
with measles immunization or other child- 
hood interventions. One of the biggest is 
now under way in Zambia, which is on 
target to provide bed nets to 80% of the 


Free for all 

That's the model Sachs wants to capitalize on. 
But rather than giving nets to children only, he 
‘wants countries and donors to give out enough 
nets for every sleeping space, roughly three per 
household. This would protect children and 
adults alike and remove the reservoir of infec- 
tion, taking full advantage of the net's commu 
nity effect. He thinks it should be done within 
4 years, if not sooner. 

Who could be opposed? asks Lengeler: 
“In theory, we would all love to do it.” But in 
reality, he and others say, it might not be the 
best strategy to try to reach almost every per- 
son in Africa, especially single men, who 
have no regular point of contact with the 
health system. Early in the Zambian effort, 
for instance, the military was engaged after 
nets sat around unused for months, says 
Steketee, who concedes that campaigns are 
taxing, time-consuming, and hard to organ- 
ize, but worth it. Skeptics say discussions of 
Sachs's plan tend to gloss over those difficul- 
ties. And even Sachs’s staunchest supporters 
agree, confidentially, that although he is a 
brilliant advocate for malaria, his genius does 
not lie in such operational details, 

Lengeler also questions whether Sachs’ 
scheme is worth the cost, because covering 
even half the population still provides cor 
siderable community protection, He sug- 


7 days, about 900,000 nets were distributed free 


A PROOF OF PRINCIPLE 


What if money were no abject and you could employ all the weapons that 
exist today to fight malaria in one country? How much could you reduce 
‘mortality? That experiment, known as the Malaria Control and Evaluation 
Partnership in Africa (MACEPA), is going great guns in Zambia. 

‘A collaboration of the Zambian government, the various Roll Back 
‘Malaria partners, and the non profit PATH (Program for Appropriate Technol- 
‘ogy in Health) in Seattle, Washington, the Zambia project is employing 
long-lasting insecticide-treated bed nets, indoor spraying with insecticides, 
and rapid access tothe most effective antimalarial drugs, artemisinin-based 
Combination therapies. Started in 2005 and funded by the Bill and Melinda 
Gates Foundation, the World Bank, and the Global Fund to Fight AIDS, 
Tuberculosis, and Malaria, the goal ofthe project is to slash malaria mortal- 
ity 75% by 2008, an achievement that has been estimated to cost between 
$30 million and $50 million a year. It is well on its way to achieving that 
goal, says the scientific director of MACEPA, Richard Steketee of PATH. 

‘With MACEPA’s support, the Zambian government aims to deliver bed 
ets to 80% of the population, adults and children alike, by the end of 
2008. The frst year was not a rousing success. The partners finally called on 
the military to help distribute the 526,500 nets that were sitting unused in 
‘Lusaka—the running joke is that they probably spent more on gas than on 
nets, For the second shipment of 200,000 nets, they settled on a decentralized 
plan. Nets are now delivered directly to districts where health-management 
teams work with local leaders to arrange big community events where 
people come to pick up their nets. Health teams are trained to explain why 


population by 2008 (see sidebar). 


gests donors could get a bigger bang for the 


‘Bold experiment. Zambia hopes to slash malaria mortality by 75% by 2008. 


‘and how nets should be used, a key component in any net-distribution strat- 
egy, says Steketee, Itis working, he says. Last year, 1 million nets were dis- 
tributed, and this year, the target is 3.4 million. “By the end of the year, we 
will be close to covering the entire nation with three nets per household.” 
‘Mass campaigns are supplemented by net distribution during vaccina~ 
tion campaigns and at antenatal clinics, where women pay about 50 cents 
for a net, although next year, nets may be provided for fre, says Steketee, 
Of course there are problems and nets that go undistributed, he says. 
“But we have seen 3 huge drop in malaria Houses with nets have way less 
‘malaria and less severe anemia in young kids. It's entirely consistent with 
the data from controlled trials,” And although final data on mortality reduc- 
tion won't be available fora year or two, evidence so far “consistently shows 
2 good number of lives are being saved.” LR. 
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buck by doubling the salary of health-care 
workers in Africa and ensuring regular drug 
supply instead. 
‘The program in Tanzania, where 95% of 
the population lives in highly malarial regions 
and the disease claims 100,000 lives.a year, has 
become a battleground in this debate. In many. 
ways, the national malaria-control program, 
which received one of the first grants from the 
Global Fund in 2003, has been a success, says 
Brown, who coordinates the program’s ITN 
efforts. The country now boasts four domestic 
‘net manufacturers and some $700 retailers, 
‘mostly small stores that also sell soap, sugar, 
and batteries. But bed-net coverage hasn't 
climbed as fastas anyone would like, and it has, 
remained stubbornly low among the rural 
poor, By 2006, “Wwe covered 35% of the chil- 
dren and 25% of adults.” says Lengeler. “That 
is clearly 100 low ... We accept the criticism.” 
‘The various partners working in Tanzania 
set out to fix those problems last spring, hold- 
ing a series of meetings to chart a way forward, 
‘The debates were intense, with some arguing 10 
jettison the voucher scheme, and Lengeler, 
Brown, and many of the donors saying don’t 
throw the baby out with the bath water 
One of their chief concerns was that Sachs's 
plan would destroy the commercial market that 
has been built up so carefully over the years in 
Tarvania. “It'sall your eggs in one basket.” says 
Lengeler. “Ifthe govemment plans.a mass cam- 
paign and it doesn't happen, 
there is no backup.” And if 
campaigns aren't repeated, 
he warns, within 3 to 5 years, 
the country “will go back- 
wards. Nets are destroyed or 
lost, new babies are born, 
sand it happens fast.” 
With Tanzania's appli- 
cation for continued sup- 
port due to the Global Fund 
in July, the partners settled 
ona middle ground: They 
‘would continue giving out 
the vouchers but increase 
‘ their value so that the max- 

imum a woman would pay 
i ‘would be 40 cents per net. 
8 


malaria.” 


They would also switch to 
the more expensive long- 
lasting nets, which cost 
about $5 cach. And in 
2008, they would launch a massive catch-up 
§ campaign to givea free net to each child 
8 younger than 5. 
Sachs, however, wasn't impressed. When 
3 hejetted into Dar es Salaam for2 days in July, 
H he tried to convince the president and the min- 
8 ister ofhealth to change courseand rewrite the 
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“There is no 
universal one-size- 
fits-all solution to 


Christian L 


proposal. In a series of 
e-mails and phone 
calls before and after 
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his visit, Sachs blasted 
the Tanzanian plan in 


general and Lengeler 
in particular. Tanzania 


is being encouraged to 
be bold, and Lengeler 


Roll Back Malaria (Abuja) target for 2005 


is standing in the way, 
Sachs wrote to one of 


Lengeler's colleagues. 
He called Lengeler's 
defense of the current 
system “shocking” 
and “reactionary.” In 
an e-mail to Lengeler, 
Sachs dismissed his 
approach as “disrep- 
utable” and “economi- 
cally ignorant.” 

“Jeff Sachs is enti- 
tled to his opinion,” 
responds Alex Mwita, 
the National Malaria 
Control Program man- 
ager in Tanzania's Min- 
istry of Health. But he 
denies that Lengeler blocked anything. “No 
partner was interfering. tis the government that 
makes policy.” And the priority is clear, he says: 
Get nets out fast, whichever way works best, 

Mwita adds that he is all 
for universal coverage: 
“Everyone deserves to be 
protected ... if we have the 
resources,” he says. “We 
‘would need $200 million for 
universal access in Tanzania. 
‘That is almost three-fourths 
of the Ministry of Health 
budget. The government 
doesn’t have that much 
money. Bill Gates can give 
it Or Warren Buffet can. ... 
But you can't dependon Bill 
Gates and Warren Buffet 
always.” Until such funding 
is assured Mwita says Tan- 
ania will continue to focus 
- _itsefforts on getting bednets 


to children who are most at 
| riskoFdying. 
‘And sothe debate contin- 


ues, with more commentaries in various jour- 
mals and more phone calls between Sachs and 
Tanzania spresident. The Tanzanian Ministry of 
Health submitted its proposal as written, 
although at Sachs’s urging, it is now drafting a 
new proposal fora free mass campaign in 26 of 
Tanzania's hard-hit districts. Sachs, who is 


Around 2000 


Around 2005 | 


Percentage of children under age 5 sleeping under an insecticide-treated 
bed net, sub-Saharan Atrica, 2000-2005 


‘pushing fora nationwide campaign and says he 
has the president's support, has vowed to find 
money for it, Meanwhile, Sachs has continued 
torebuke the skeptics on the global stage, 


Resolution? 
Grabowsky is optimistic that the feuding faac- 
tions will coalesce eventually, if not this year, 
arounda game plan for getting bed nets out fast 
tomost, if not all, ofthe population, And there 
is still a long way to go. A recent study esti- 
mated that as many as 264 million nets are 
needed just to reach the Abuja goal—80% cov- 
‘erage of vulnerable groups—much less fulfill 
Sachs’: vision of universal coverage. 

There will need to be catch-up and keep-up 
strategies, says Grabowsky, and to date, 
few countries have managed to implement 
both. There is probably room for multiple 
approaches, even vouchers and the commercial 
‘sector, he suggests. He says the Global Fund is, 
“agnostic” on which approach countries should 
take; its strategy isto find those programs that 
seem to have the best chance of working on the 
‘ground, And right now, there are lots of experi- 
ments but few definitive answers, he says, 

As forthe intensity of the debate Sachs has 
ignited, Grabowsky says, “at its best, public 
health is a public process. We are all better off 
having a vigorous debate, There was a time 
when few people cared about Tanzania’s 
malaria problem. Now we all do.” 

LESLIE ROBERTS 
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Malaria Treatment: ACT Two 


‘An influx of money and anew generation of drugs called artemisinin-based combination 
therapies (ACTS) are raising optimism that malaria’s toll can be reduced 


KUNKURA KEBELE, ETHIOPIA—Fanta Dargie 
and his family live in a modest mud hut, fur- 
nished with little more than a table, a few 
chairs, two hammocks, and some shelves hold- 
ing the basic necessities for life in Ethiopia's 
poor countryside, And yet, he’ on the forefront 
‘of'a medical revolution. 
comer on the dusty floor of 
hhamilet 450 kilometers north 
isa white box the size of a 
photocopier. After opening a minuscule pad- 
lock, Dargie shows the contents: blister pack- 
ages containing the latest generation of malaria 
drugs. Rummaging through the box, he also 
pulls out dozens of simple diagnostic tests, 
ach smaller than a cigarette lighter, as well as 
rubber gloves, some pens, and meticulously 
filled-out patient forms. 

Every morning before Dargie goes to work, 
people from his and surrounding villages ean 
‘come see him if they, or their children, have a 
fever. He will draw a drop of blood and test it 
for the presence of Plasmodium falciparum, 
the deadliest malaria parasite, a procedure that 
takes just minutes. Ifthe testis positive, he can 
immediately give the patients ffee pills to take 
home, along with simple instructions on how 
touse them, 

Dargie, a farmer who volunteers as a 
“community health worker,” knows all about 
the importance of the drugs distributed in 
this study. He lost two children to malaria. “L 


Hidden in 


don’t want that to happen to other people,” 
he says. 

Many people ask why it has taken so long, 
The new generation of drugs, called 
artemisinin-based combination therapies 
(ACTS), has been around fora decade. They're 
effective and easy to use, and they cost less 
than $2 fora potentially lifesaving 3-day treat- 
ment course. And yet, a shortage of money, a 
lack of political will, and logistical problems 


Changing Policies 


2003 


2007 


| Artemisinin-based combination therapy 
1 Other antimalarial medicine 
i Nonmalaria-endemic area 


Country recommendations for first-line treatment of 
‘uncomplicated malaria, 2003 and 2007. 


ae 
have long prevented the drugs from reaching 
those who need them—especially in Africa, 
where malaria kills an estimated million 
people a year. 

Not any more. Money to buy the drugs has 
started pouring in through agencies such as the 
Global Fund to Fight AIDS, Tuberculosis, and 
Malaria. Aflected countries have become se 
ous about introducing ACTS, and they are com- 
ing up with new ways—such as the pilot proj- 
ect Dargie is participating in—to bring them 
almost to the patient's doorstep. These fine- 
grained distribution systems are a logistical 
puzzle—but they're crucial, because a child 
can die from malaria within 24 hours of the 
onset of the first symptoms. Meanwhile, an 
unprecedented new plan to serve private m: 
kets through a “global subsid: 
may seethe light of day next month, 

This new push to introduce 
ACTs—along with the massive 
distribution of insecticide-treated 
bed nets (see p. 557) —is giving 
many malaria fighters hope that, 
after years of failures and broken 
pledges, they may finally be on the 
cusp of making a significant dentin 
the disease’s toll. The experience in 
places such as Zanzibar, where new 
data suggest malaria transmission 
has collapsed, has given them hope 
that results may come fast as well 

“We do get real, perceptible, 
stunning results,” says Kamini 
Mendis of the World Health 
Organization (WHO) in Geneva, 
Switzerland, “I really think we 
are ina good position now,” 
adds Nicholas White, a malaria 
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On the front lines. Fanta Dargie, a community 
health worker in rural Ethiopia, demonstrates a rapid 
agnostic test for Plasmodium falciparum. 


researcher at Mahidol University in 
Bangkok, Thailand, who has long battled to 
get ACTS introduced. 


‘An old new weapon 
Artemisinin is a compound derived from 
Artemisia annua, ot sweet wormwood, a plant 
that has long been known to help fight fever in 
China, After groundbreaking Chinese studies 
in the 1970s, the compound made its way to 
Wester labs in the 1980s. Along with a small 
slew of chemical relatives, it was found to be 
highly effective against Plasmodium, and 
despite widespread use, especially in Asia, 
there have been few signs of resistance in the 
malaria parasite, To keep it that 
way as long as possible, experts 
agree thatthe drugs should always 
be taken with another, existing 
‘malaria drug. Hence the combina- 
tion therapies. 

Butas the evidence of their effi 
cacy grew—and older drugs such 
as chloroquine and sulfadoxine- 
pyrimethamine became increas- 
ingly uscless—patients still 
weren't benefiting. “I think we 
‘were naive to think that evidence 
‘would naturally translate into new 
policies,” White says, “It does in 
rich countries. But in Africa, 
‘mothers who lose their child don’t 
come banging on the doors of 
Parliament 


Money was long a key prob-  Easyas one-two-three. A pictorial taped toan Ethiopian hut shows how to use a 
3-day course of Coartem, an ACT. 


lem, but so was institutional iner- 
tia, Compared with older drugs, 
which cost a dime or less per treatment 
course, the cost of ACTs was prohibitive for 
many African governments. Although WHO 
officially started advocating ACTs in 2001, 
it didn’t push hard enough for the switch, 
says White. 

‘A vastpartership called Roll Back Malaria 
(RBM), launched to much fanfare in 1998, also 
proved adisappointment. Comprised of almost 
every organization or agency involved in 
malaria, RBM went through one leadership 
change after another and ended up in turf bat- 
tles with WHO; meanwhile, a set of ambitious 
targets set in the Nigerian capital Abuja in 
2000—inchuding the plan to halve the malaria 

burden by 2010—were going nowhere, “There 
‘was far too much talk, and endless meetings, 
‘but no action,” White says. 

5 Donor countries and the Global Fund, too, 

& have come under fire for not acting swiftly 
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enough. Leading the criticism has been Amir 
‘Attaran, a Canadian law professor and immu- 
nologist, who, with others, accused the fund 
and WHO of “medical malpractice” in an arti- 
cle published in the 17 January 2004 issue of 
The Lancet—a charge that the organizations 
say was unfair and based on inaccuracies, but 
which they also recognize as having helped 
speed change. 

Meanwhile, there were problems with the 
supply of artemisininas well. The compound is 
extracted from 4. annua plants, grown mostly 
on firms in China and Vietnam that had trouble 
keeping up with the booming demand. 
Researchers are working to synthesize the 
compound or make Escherichia coli churn it 
out (Science, 7 January 2005, p. 33), but this is 
expected to take at least another S years. 

The landscape looks very different today. 


Donors are pushing ACTs, and a United 
Nations Children’s Fund (UNICEF) report 
issued last week showed that all but a few 
African countries have switched their poli- 
cies—at least on paper—to make ACTs the 
standard treatment. Although long-term wor- 
ries about the artemisinin supply remain, the 
price has come down sharply. Pharmaceuti- 
cal companies have started mass-producing 
four WHO-recommended ACTs, and the 
Medicines for Malaria Venture (MMV) in 
Geneva, Switzerland, has three more combi- 
nations in phase Il! clinical trials. Many say 
RBM is working better since the latest 
reform, 2 years ago. 

But the biggest change has been the 
increasing political attention and the new 
money. Few would have predicted 10 yearsago 
that a U.S. president would celebrate Africa 
Malaria Day—and do a goofy dance with a 
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West African dance company—at the White 
House, as President George W. Bush did last 
May. (“I think I made his day by saying the 
European Union should do the same,” says 
MMV President Chris Hentschel, who 
attended the event.) The Global Fund is flush 
with cash, and other funds—such as Bush’s 
‘5-year, $1.2 billion President's Malaria Initia- 
tive and UNITAID, paid for by a tax on airline 
tickets in cight countries —have also begun dis- 
bbursing money. 

Asa result, more than 100 million ACT 
treatment courses found their way to patients 
in 2006, up from just 3 million in 2003, Some 
{63 million of those were a combination of 
artemether and lumefantrine, produced by 
Novartis under the brand name Coartem; the 
‘company is making more of it than any com 
ppany has ever produced of any drug, a Novartis 
spokesperson says. 

‘That doesn’t mean there aren’t 
still major problems, One hundred 
million is less than one-fourth of 
the number of malaria treatments 
taken worldwide every year. And 
the UNICEF report shows that in 
14 sub-Saharan countries for 
which good data were available 
between 2004 and 2006, Zambia 
provided just 13% of febrile chil- 
dren with ACTs; all the others 
scored less than 6%, (The numbers 
are expected to be much higher in 
the next survey.) 

Procedures to apply for the 
ddrugs through the Global Fund are 
complicated and lengthy, says 
Mendis; many countries saw their 
proposals rejected in the fifth and 
sixth round of funding, Because 
countries often apply with inte- 
‘grated control plans, ACT delivery can suffer 
if, for instance, a country’s bed-net strategy is 
judged insufficient. RBM and other organiza 
tions are helping countries put together better 
proposals for the current, seventh round. 

But even when the drugs arrive, the logis 
tics of distributing them are often difficult. 
Several ways to change that are on display in 
Ethiopia, where $0 million people live in 
‘malaria-ridden areas. The government isin the 
process of employing 30,000 health-extension 
‘workers, who, fier full year of training, visit 
villages and dispense medicines as well as 
advice for prevention and family planning. 
‘They play an indispensable part in delivering 
ACTs, says Ethiopia's federal health minister 
‘Tedros Ghebreyesus, who also chairs RBM‘S 
board. Ethiopia has also cared praise for 
delivering almost 20 million insecticide- 
‘treated bed nets within the past 2 years. 
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‘The program in the northern province of 
Tigray in which Fanta Dargie participates goes 
a step further. Instead of distributing ACTS, 
through clinics or salaried health-extension 
workers, it uses community volunteers who 
have received justa few days of training. Inthis 
trial, supported by WHO and Novartis, 
researchers are trying to find out whether dis- 
tributing ACTS this way is safe, what the 
effects on morbidity and mortality are, and 
how many are used, says Asefaw Getachew of 
the Carter Center in Addis Abeba, who coordi- 
nated the trial while at the Tigray Regional 
Health Bureau, 

But many are already convinced that dis 
tribution through volunteers will prove the 
\way to go—especially for the rural poor who 
live too far away from a clinic or health 
post to take their sick child, says Awash 
‘Teklchaimanot, a malaria expert at Columbia 
University’s Earth Institute in New York City 
‘who also runs the Center for National Health 
Development in Addis Abeba. There are con- 
‘coms about overuse, but the lack of resistance 
seen so far suguests “that we shouldn't be too 
conservative.” he says. “It's no use hoarding 
these drugs in health centers when people are 
dying in the village.” 


Private business 

But although many applaud Ethiopia for 
‘expanding its health-care system, the private 
market is a different story, and for now, it's the 
bigger one, At the moment, some 75% of 
malaria patients worldwide buy their drugs at a 
local pharmacy or drugstore, where ACTS, if 
available at all, are often much more expensive 
than a bewildering array of older drugs, 
artemisinin monotherapies, traditional medi- 
cines, of counterfeit drugs. 

The plan for a global subsidy —although it 
might also benefit public procurements of 
ACTs—is hoped to have the biggest impact in 
this private business. The idea is that con- 
‘sumers will choose ACTS if they cost 10 cents 
‘orless; to get there, while still allowing whole- 
salers and retailers their usual profit mangin, a 
new fund—recently christened Affordable 
Medicines Facility for malaria (AMFm) 
‘would make a substantial copayment to the 

§ producer whenever a wholesale company or 
3 govemment agency decides to buy a shipment 
¥ of WHO-approved antimalarial drugs. The 
goal is forthe buyer to pay just S cents pertreat- 
ment course— including shipment to the coun- 
§ try. The current plan calls for an annual budget 
climbing to $300 million by 2010; UNITAID. 
§ has expressed an interes in footing the bill. 
3 First proposed ina 2004 Institute of Med- 
§ icine report from a group led by economist 
S and Nobel laureate Kenneth Arrow, the idea 
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languished for a while; some worried that a 
subsidy would line industry's pockets, 
whereas existing funding agencies felt it 
threatened their turf, says Harry van 
Schooten of the Dutch Ministry of Foreign 
‘Affairs, which has been pushing the plan. But 
it gained traction after a January meeting in 
Amsterdam, and now agencies such as the 
Global Fund, UNICEF, and WHO are vying 
to host the AMFm’s secretariat, he says: 
RBM‘ board is expected to approve the plan 
ata November meeting. 
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Number of doses of artemisinin-based 
combination therapies procured worldwide, 
2003-2006 (millions). 


Still, the devil isin the details, says WHO'S 
Mendis. Dealers may be tempted to charge 
high prices for ACTs anyway. for instance. 
“How do we prevent the subsidy from going to 
the pockets of the middlemen?” she says. Sev- 
eral measures can help prevent that, answers 
‘Van Schooten; ACT packages could have a 
printed price on them, patients will need to be 
educated, and countries will have to regulate 
their domestic ACT market and monitor drug 
quality. Whether A rican governments are up 
to that job remains to be seen. 

Other concerns remain as well, A stagnat- 
ing demand for the raw product in 2007 has 
caused artemisinin prices to drop from a 
high of $1100 to $1400 a kilogram to about 
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$200 now: At that rate, farmers can make more 
by planting rice, says WHO's Andrea Bosman, 
‘who worries about new price hikes and short- 
‘ages in 2008. And although the lack of resist- 
ance to ACTS is encouraging, that is probably 
jjusta matter of time, and new drugs need to be 
‘developed rapidly, says Ghebreyesus, “What's 
plan B? We don’t have alternatives at the 
moment.” he says. 


Toward eradication? 
But these concems can’t dampen the sense of 
‘optimism in the air for the first time in many 
years. Whether that means Abuja's goals can 
Still be met is under dispute. Attaran—who 
does concede major progress —believes far too 
much time has been wasted for that, Former 
Senegal health minister and RBM executi 
director Awa Marie Coll-Seck asserts they're 
still achievable—or at least in some counties. 
So docs Teklehaimanot, who coordinated a 
Millennium Project working group that pro- 
posed setting an even more ambitious goal: a 
75% reduction from the 2005 level in 2015. 

The truth is that we may never know for 
sure, says Mendis. Malaria morality can only 
be estimated because many patients die at 
home without being counted, and although 
much is being done to strengthen data collec- 
tion, there are few baseline data for 2000 on 
which claims of success could be based. 

But things such as bed-net and ACT cover- 
‘age can be measured more easily, and where 
they have shot up, malaria rates appear to 
be dropping cncouragingly fast, she says. In 
Zanzibar, for instance, where ACTs and bed 
nets were widely introduced from 2004 on, 
‘cases had dropped by almost 90% in the first 
half of 2006. Sio Tomé and Principe, a small 
island nation off Africa's West Coast, has also 
scen its rates plummeting, says Teklchaimanot. 
In Ethiopia, malaria now accounts for 10% of 
deaths, compared with 25% a few years ago, 
says Ghebreyesus. 

Those developments —as well as encourag- 
ing reports from vaccine trials—have even 
brought back a word last heard in the 1960s in 
the context of malaria: eradication. “To aspire 
to anything less is just far too timid a goal for 
the age we're in,” Melinda Gates, who, with her 
husband, Bill, has invested billions in the 
‘malaria battle, said last week at a meeting in 
Seattle, Washington, 

But others say it’s much too early to talk 
about that. For White, all the newfound opti- 
mism is cause for a new worry: What if the 
fight is so successful that politicians and 
donors lose interest? “We better get prepared 
for thenext phase,” he says, “because there will 
bea lot of good news in the next few years.” 

MARTIN ENSERINK 
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Retraction 


INA PAPER TITLED “VISFATIN: A PROTEIN SECRETED BY VISCERAL FAT THAT MIMICS THE EFFECTS 
of insulin” (1), we identified a protein that is secreted by visceral fat of humans and mice and 
named it “visfatin.” The same protein had been identified previously by other laboratories as 
“pre-B cell-colony enhancing factor,” a cytokine that is expressed by lymphocytes (2) and that 
displays nicotinamide phosphoribosyltransferase activity (3). In the Science Report, we inves- 
tigated visfatin’s metabolic effects and the biochemical mechanism by which it might exert 
these effects. We showed that visfatin induces adipocyte differentiation in vitro and that plasm 
levels of visfatin correlate with visceral fat mass in humans, We also showed that male mice 
withonly one functional copy of the visfatin gene have modest elevations in plasma glucose and 
that adenovirus-mediated delivery of the visfatin gene to cS7BL/6J or KKAy mice resulted in a 
lowering of plasma glucose and insulin levels. Finally, we reported that visfatin binds to and 
activates the insulin receptor and we speculated that its activity as an insulin mimetic might 
explain its metabolic effects 
The visfatin work performed in our laboratory was recently investigated by the 
‘Committee for Research Integrity (CRI) of Osaka University Graduate School of Medicine 
On the basis of the CRI report, which focused largely on our biochemical experiments 
examining visfatin’s interaction with the insulin receptor, the Faculty Council of Osaka 
University Medical School recommended that we retract the entire paper. At the sug- 
gestion of the Editor of Science, we have agreed to retract the paper, even though we 
continue to stand by our conclusions. We note that over a dozen subsequent publi- 
cations have shown that plasma visfatin levels in humans correlate with various 
metabolic states, including obesity, visceral fat mass, and diabetes [for example, 
(4-6)]. We note also that another laboratory recently reported that visfatin has 
insulin mimetic effects in cultured osteoblasts (7). We acknowledge that, since 
publication of the Science Report, we have found that not all preparations of vis 
fatin bind to and activate the insulin receptor. Thus far, we have found four different 
lots of purified recombinant visfatin protein that have both adipogenic and insulin 
mimetic activities. We still have the preparations of visfatin that show insulin mimetic activ- 
ity, although the amount is limited, and we are willing to send them to other investigators for 
independent validation. We are continuing to investigate the significance of this molecule 
We regret any inconvenience caused by this retraction to researchers and readers. The corre- 
sponding author is responsible for the retraction. 
[ATSUNORI FUKUHARA,Y MORIHIRO MATSUDA, MASAKO NISHIZAWA,? KATSUMORI SEGAWA,* 
MASAKI TANAKA, KAE KISHIMOTO,2 YASUSHI MATSUKI,? MIRE MURAKAMI? TOMOKO ICHISAKA,? 
IROKO MURAKAMI,’ E1JIRO WATANABE,® TOSHIYUKI TAKAGI,® MEGUMI AKIVOSHI, 
TSUGUTERU OHTSUBO,? SHIN}! KIHARA,” SHIZUYA YAMASHITA,” MAKOTO MAKISHINA,* 
‘TOHRU FUNAHASHI, SHINYA YAMANAKA? RYU]! HIRAMATSU,? 
‘YUJI MATSUZAWA,” IICHIRO SHIMOMURA’ 
‘Department of Metabolic Medicine, Graduate School of Medicine, Osaka University, Osaka $65-0871, Japan. 
‘Pharmacology Research aboratores, ainippen Sumitomo Pharma Co. Lid, Hyogo 665-0051 pan. “Deparimere of 
Stem Cel Biology, Institute for Frontier Medial Sciences, Kyoto 606-8507, Japan, ‘Environmental Health Science 
Laboratory, Sumitomo Chemical Co, Ud, Osaka 54-0022, Japan, "Biological Research Laboratries |Research and 
Development Division, Dash Sankyo Co. Lt, Tokyo 140-8710, Japan. ‘Department of Quabiy Assurance, Dainipon 
Sumitomo Pharma Co, Lid, Osaka, 354-0022, Japan. ‘Department of Cardiovascalar Medicine, Graduate School of 
‘Medicine, Osaka University, Osaka 55-0671, Japan. Division of Bachem, Department of Biomedical Sciences, hen 
University Schoo of Medicine, Tokyo 173-8620, japan. “Sumitomo Hospi, Osaka 30-0005, Japan. 
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Borrowing from Biology 


AS TWO BIOLOGISTS, WE OFTEN MARVEL AT 

the way humans solve problems by adapting 

approaches that nature developed cons 

earlier. A class 

century discovery of genetic engineering. In 

plant crown gail disease, a lowly bacterium 

long ago evolved a highly effective 

transformation vector (Ti plasmid), 

which eff 

plant to produ 

bacterium’ order. Much of 

plant genetic engineering is 

now based on the same vec~ 

tor system. 

The recent News of the 

Week article by E. Kintisch, 

“Light-splitting trick squee: 

more electricity out of Sun 

rays” (3 August, p. 583), seems to be 

another wonderful example of this sort of 

“coincidence.” In plant photosynthesis, a 

network of pigment molecules forms a light- 

harvesting antenna that absorbs photons of 

varying wavelength and transfers the enengy 

to the pigment molecule at the reaction center, 

Asis ofien the case, nature is somewhat more 

sophisticated than the approach described in 

the recent paper, but the idea is the same: 

Energy of different wavelengths is captured to 

avoid waste, Perhaps we should study biology 

more offen and more directly for solutions to 
‘our pressing “modem” problems. 

ROSS N, NAZAR AND E. JANE ROBB 


Department of Molecular and Celular Biology, University of 
‘Guelph, Guelph, Ontario NIG 21, Canada, 
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Counting on Embryos 


THE UNDERLYING DATA IN THE POLICY FORUM 
“Willingness to donate frozen embryos for 
stem cell research” (A. D. Lyerly and R. R. 
Faden, 6 July, p.46)are unclearly characterized, 
poorly detailed and questionably analyzed. The 
description of the study as a “national survey” 
implies that it isa nationally representative sur- 
vey, based on a probability sample drawn via 
accepted survey research practices, Instead, we 
are presented with a nonrandom convenience 
simple of nine clinics. The selection procedure 
used to choose the clinics, and to choose the 
patients within each clinic, remains undis- 
closed (contrary to the disclosure principles of 
the National Council on Public Polls and the 
American Association for Public Opinion 
Research). The authors extrapolate their non- 
probability data to estimate a national inci- 
dence of available embryos, with no discussion 
of the limitations of this approach. Con- 
venience samples in studies of biological fune- 
tions are common; a probability sample is not 
necessary to demonstrate that a sharp stick in 
the eye hurts. Atitudinal research, such as this 
study, is not afforded this luxury. These cir- 


cumstances are noteworthy, given that the ini- 
tial release of this article—in your online edi- 
tion the same day as President Bush’ latest veto 
of stem cell research legislation—seemed 
timed to influence the public discourse [e-g., 
(Z)]. Broader disclosure and more circumspect 
use of convenience samples in attitudinal 
research are advisable, particularly for a publi- 
cation of Science's stature. GARY LANGER 


Director ofPoling, ABC News, 7 West 6th Street, 7th Foor, 
New York, NY 10023, USA 
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Response 
LANGER’S CRITIQUE MISCONSTRUES BOTH 
the methodology we used and the conserva- 
tive character of our estimate of the numbers 
of cryopreserved embryos that might be avail- 
able for research. Ours was not a national 
opinion poll and never aspired to be. The 
methodology of public opinion polling, with 
its focus on national probability sampling, is 
inappropriate for research on clinical popula- 
tions, regardless of the nature of the study. 


Unlike existing research on infertility 
patients’ preferences for and experiences with 
the disposition of cryopreserved embryos, 
which have largely come froma single clinical 
site, we were able to recruit patients fiom nine 
different clinical settings, both academically 
affiliated and private in regionally diverse 
locations across the United States. At each of 
these clinical settings at least 50% of the 
respondents with embryos in storage indi- 
cated they were somewhat or very likely to 
donate them to stem cell research, 
Ourestimate ofthe numberof embryos that 
might be available for research is reasonable, 
for several reasons. First, we used a 2001 esti- 
mate of the number of cryopreserved embryos 
in the United States; given the industry's 
growth in the past six years, there are likely 
more than 400,000 embryos in cryostorage 
today. Second, across the entire sample, 60% of 
the respondents indicated that they were some- 
\what(21°%) or very (39%) likely to donate cryo- 
preserved embryos for stem cell research, but 
‘we assumed that only 50% would ultimately be 
willing to donate, giving us 200,000 potentially 
available embryos. We then reduced this num- 
ber again by 0%, on the assumption that as 
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many as half of these embryos would be used 
for reproductive or other purposes, leaving us 
with 100,000 embryos that our data suggest 
might be available for research. 

‘More to the political point, prior to our 
report, the only existing attempt to estimate 
the availability of embryos for research in the 
United States, which was made based on the 
reports of infertility clinics—rather than 
infertility patients—had placed the number 
at ess than 3% (/), Ourdata, which represent 
‘an attempt to introduce the perspective of 
infertility patients into this debate, provide a 
solid basis for concluding that this estimate 
is way too low and that, once their reproduc- 
tive projects are completed, many infertility 
patients prefer donating their cryopreserved 
embryos to research over making them avail- 
able for adoption or allowing them to be 
thawed and discarded. 

ANNE DRAPKIN LYERLY* AND 
RUTH R. FADEN® 
‘Duke University Medical Center, Durham, NC 27710, USA. 


‘Yohns Hopkins Berman Institute of Bioethics, Baltimore, 
(MO 21208, USA. 
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Modified Newtonian 
Dynamics Close to Home 


IN HIS PERSPECTIVE “SEEING THROUGH DARK 
Matter” (3 August, p. 607), Stacy McGaugh 
describes the success of a modified New- 
tonian dynamics (MOND) in explaining the 
flat rotation curves of galaxies without invok- 
ing dark matter. In addition to noting that 
MOND iis in accord with available data and 
observations, it is possible to directly test 
Newtonian dynamics in the laboratory, even 
at low accelerations. This has recently been 
done in a test of Newton's second law (F 

‘ma), and perfect agreement with Newton was 
found down to accelerations of 10! m/ 
three orders of magnitude below the scale at 
which MOND should set in (/), Similarly, 
Newton's gravitational law has been tested to 
very small accelerations (ic. with very small 
‘masses at small distances), and no deviations 
from the law were nceded to describe the 
solar system (2). Thus, while no observa- 
tional data disagree with MOND, recent lab- 
oratory tests indicate that Newtonian dynam- 
ics also explain galaxy rotation curves and 


apply to accelerations in the galaxy tails. 
‘CHRISTOF M. AEGERTER 


Fachbereich Physik, Universit Korstae, Unversitsstrasse 
10, 78457 Konstana, Germany. 
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Response 
CHRISTOF AEGERTER RIGHTLY POINTS OUT 
that no deviations from purely Newtonian 
bbchavior have been detected in the laboratory 
(/) to accelerations lower than the critical 
acceleration scale of MOND, where the mass 
discrepancy becomes evident in galactic sys- 
tems. While a laboratory testof MOND would 
be highly desirable, Grundlach etal, (/) them 
selves point out that their result does not pro= 
vide such a test. The reason is that their labo- 
ratory sits on the surface of the earth, where 
the acceleration we feel is 11 orders of magni- 
tude above the MOND scale. It is the total 
acceleration that matters in MOND, so terres- 
trial experiments always exhibit Newtonian 
bchavior even if their internal accelerations 
are arbitrarily small. 
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A proper laboratory test of MOND re- 
quires that the appara itself be located in a 
region of very low acceleration, an extraordi- 
narily difficult situation to arrange (2) on 
Earth. How far from Earth we need to be to 
detect MOND effects depends on the sharp- 
ness of the transition between the Newtonian 
and MOND regimes. In the optimistic case of 
‘gradual transition, the Pioneer anomaly (the 
deviation of two Pioneer spacecraft in the 
‘outer solar system from their predicted trajec~ 
tories) (3) might be a MOND effect (4, 5). 
Other solar system constraints (6-8) appear 
to favor a sharper transition, and the natural 


Letters to the Editor 


location for a clean experiment would be 
deep in intergalactic space. While that is obvi- 
ously impossible, real laboratory tests are fea- 
sible. For example, in the relativistic exten- 
sion of MOND hypothesized by Bekenstein 
Ithe tensor-vector-scalar gravity theory (9)], 


strong MOND effects are anticipated in 
regions where the gravitational potential 
nears zero. Such cancellation can be found at 


‘point between the Sun and Earth (/0), 30 a 
critical testis achievable with an appropriate 
satellite experiment, 

STACY MCGAUGH 


Department of Astronomy, University of Maryland, College 
Park, MO 20742-2421, USA. 
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CORRECTIONS AND CLARIFICATIONS 


‘Table of Contents: (28 September, p. 1825), The author 
names were omitted from the Report tiled "Genomic min 

‘malsmin the early diverging intestinal parasite Giardia lam 
‘blia." The authors ofthis Report are Hilary G, Marrison eta 


Reports: “The Slit receptor EVA‘ coactivates a SAX3/ 
Robo-mediated guidance signal nC, elegans" byKFujisana 
etl. 28 September. 1934), SU-1 wasmistaenly defined 
235 “Shige toxin ”inthefist sentence ofthe abstract and 
in the third sentence ofthe first paragraph of the test, The 
corrected sentence in the abstract should read “The SAX- 
roundabout (Robo) receptor has SU-YSlit-dependent and 
independent functions in guiding cell and axon migra 
tion.” The comected sentence in the fist paragraph should 
read “One such mechanism involves the SUT-UStt guidance 
cue alarge secreted protein with several predicted N- and O- 
lcosjlation sites (2), and its receptor SAX3, a homolog of 
the transmembrane (IM) roundabout (Robo) receptor (3-6).” 


SeienceScope: “China's spending boom” (21 September, 
. 1663). The data on China's research budget reler to 
2006, not 2007 

Random Samples: “Monkeys have tin ears” 3 August, 


. 577). The photograph mistakenly showed a chimpanzee 
instead of a monkey. 


Reports: “Quantitative imaging of nitrogen firation by 
Individual bacteria within animal cells” by C.P.Lechene, 
Y. luyten, G, McMahon, and D,L, iste (14 September, 
. 1563). Claude Lechene shouldbe the only corresponding 
author listed. The asterisk beside Daniel Diste’s name on 
. 1563 and his emaiLaddressonp.1564 should be deleted 
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HISTORY OF SCIENCE 


An Alternative Synthesis 


Ron Amundson 


collection of papers by historians, 

philosophers, and biologists that were 
discussed at a Dibner Institute workshop in 
the fall of 2002. Itimmediately 
brings to mind a similar work, 
The Evolutionary Synthesis 1). 
This pair of edited volumes, 
appearing a quarter-century 
apart, offers an almost yin 
and yang of the history of 
evolutionary thought. Most 
1th-century evolutionists saw 
embryonic development as 
central to the evolutionary pro- 
cess, The contributors to the 
1980 volume edited by Ernst 
Mayr and William Provine viewed it as essen- 
tially irrelevant. (Although, as the newer vol- 
ume shows, many strands of developmental 
evolutionary thought persisted duringthe hey- 
day of the modern synthesis.) Evo-devo 
brings the developmental view of evolution 
tuck tothe fore. 

‘The only author to appear in both volumes: 
is historian Frederick Churchill. In 1980, he 
reported a crucial fact about 19th century biol- 
ogy: “Heredity” was then understood as an 
aspect of embryonic development itself. It 
\was the process by which similar traits devel- 
oped within both parents and offspring. 
Evolution obviously involves heredity, and so 
the interweaving of development and heredity 
implied an interweaving of development 
and evolution. The conceptual separation of 
heredity from development was achieved by 
TH. Morgan and hisassociates. Transmission 
genetics became the new “heredity.” carved 
firee of development. Only then was evolution 
casily conceived as independent of develop- 
ment, Churchill claimed that the separation of 
development from heredity was “fundamental 
to the formation of modern biology.” It cer- 
tainly was fundamental to the evolutionary 
synthesis. Transmission genetics begat popu- 
lation genetics, which begat the modern syn- 
thesis. At no step along the way was develop- 
ment relevant to evolutionary change (2) 
Most contributors to Mayr and Provine 
described the then-60-year history of the evo- 
lutionary synthesis as utterly separate from 
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From Embryology to Evo-Devo 


jpmental E 


Mantred D. Laubichler and 
Jane Maienschein Eds 


‘embryology and from related fields, such as 
‘comparative morphology and versions of sys- 
tematics that emphasized higher taxa. 

In the 2007 volume, edited by Manfred 
Laubichler and Jane 
Maienschein, Churchill 
takes a subtly different 
stance toward the bifur- 
cation of development 
and heredity. He dis- 
ccusses the refutation of 
the biogenetic law by 
19th-century contempo- 
raries of Emst Haeckel 
The results were the 
research programs in 
evolutionary embryol- 
ogy of such figures as Francis Balfour, Eugen 
Korschelt, and Karl Heider. These biologists 
took account of embryonic causation and 
adaptation, not only the appearances of reca- 
pitulation, Churchill observes that their pro- 
‘grams show many similarities with evo-devo, 
This theme is taken up many times in the 
Laubichler and Maienschein volume. Some 


chapters address relations among research tra- 
ditions: for example, Scott Gilbert discusses 
fate mapping, cell lineage studies, and the 
relation of these fields to moder gene expres- 
sion maps. Other chapters focus on individual 
researchers, either from before the synthesis 
(c.g., Balfour and William Bateson) or from 
the era in the 20th century when it held sway 
(e.g., Dwight Davis, John Tyler Bonner, and 
Rupert Riedl) 

{couldn't help but wonder where this new 
perspective leaves the bifurcation of heredity 
from development. Ifevo-devo turns out to be 
the success that its advocates are envisioning, 
perhaps we will witness a breakdown of the 
heredity-development dichotomy. Recent dis- 
cussions of what is now called “epigenet- 
ics”—a field that centers on development 
have come very close to saying that it simulta 
neously involves heredity (3). Philosopher 
James Griesemer’s chapter addresses this 
issue, beginning with Gregor Mendel and 
‘August Weismann, These are the two 19th- 
century heredity theorists usually thought to 
be most “moder,” in the Churchillian (1980) 
sense of conscientiously separating heredity 
from development. According to Griesemer, 
this isan error. Mendel and Weismann shared 
the assumptions of their contemporaries; 
heredity was an aspect of development. He 
goes on to argue that transmission genetics 


Differ by inversion? ftienne Geotfroy Saint Hilaire claimed that all animals share a fundamental body plan 
and suggested a dorsoventral inversion between vertebrates and invertebrates. To ridicule such comparisons 
among body plans, Gearges Cuvier drew roughly comparable arrangements of organs ina duck folded on its 
back (A) and a cephalopod (B). He argued that there are far more differences than similarities [from (5)] 
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itselfis a study of development. It must be the 
study of development in the sense that the 
study of cooking “mustbe” the study of chem- 
istry. (Chefs may deny that they are studying 
chemistry, but chemists know better.) 

One underlying message of many of the 
chapters is that historical attempts to explain 
evolution in terms of development were 
productive but incomplete (contra The 
Evolutionary Synthesis). Evo-devo is a prom- 
ise fortheir completion. (The historianstended 
to avoid this presentist bias, but philosophers 
and scientists found it nearly irresistible.) 

One weakness in the presumption of conti- 
nuity between historical theorists and modern 
evordevo is the current prominence of the 
comparative molecular mapping of gene 
expression. That field is erucial to evo-devo. 
ASGilbert’s chapter points out, it“brought the 
notion of structure back into developmental 
biology.” Without the centrality of organic 
structure, any similarities between the cen- 
turies are superficial. But as informative as it 
is, gene expression mapping is analogous only 
to a narrow range of historical precursors, 
comparative embryology and morphology 
(scarcely more than what Emst Haeckel con- 
sidered). These fields do not yield mechanis- 
tic explanations of evolutionary change. If 
evodevo is to fulfill its promise, it must go 
beyond comparison and provide causal details 
of the actual changes in ontogeny by which 
new forms were evolved. 

‘Such causal details are often claimed to be 
‘Viable goals for evo-devo explanations of evo- 
lutionary innovations and novelties (discussed 
in the chapters by Alan Love, Gerd Miiller, and. 
Giinter Wagner). What we now call 
innovation and novelty was previously 
studied under the rubric of “origins of 
higher taxa”: such as the neural crest 
characterizing vertebrates and the fin 
limb transition for tetrapods. Some 
argue that evo-devo has greater poten- 
tial to explain novelties than the mod- 
em synthesis had because population. 
genetics can only deal with modifica 
tions of structures that already exist 
(eg. in terms of preadaptation). Evo 
devo has theoretical accesstothe causal 
processes of embryogenesis, which can poten- 
tially explain the origins of genuinely novel 
structures. Innovations are not merely modifi- 
cations of old structures, but new products of 
modified ontogenies. 

However, Wagner cautions against too 
much optimism. He recalls the breakdown of 
evolutionary embryology around the turn of 
the 20th century. Its advocates had expected 
to solve the evolutionary problem of form 
by studying comparative morphology and 
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Traveling at the 


Speed of Thought 


by Daniel Kennefick 


embryology (witha bit of experimental embryo- 
logy thrown in). But practitioners could not 
agree on methodology. The relative impor- 
tances of embryological and adult morpholo- 
gies, embryonic adaptations, and causal 
processes within the embryo were all at issue. 
‘The field reacheda stalemate by the early 20th 
century. Wagner believes that evo-devo might 
suffer the same fate, 

But won't molecular biology save us from 
that fate? Maybe, maybe not. Do we have a 
principled way of deciding whether the large 
differences in Hox gene organization between 
‘major groups point toward an ancient salta- 
tionist cause of evolutionary change (in dupli- 
cations of Hox clusters, forexample)or reflect 
a later built-up by-product of gradual micro- 
evolutionary changes (4)? Wagner argues that 
‘we may never be able to know the genuine 
mechanisms by which ontogenetic changes 
coceurred: they may have been too ephemeral 


to have left evidence. If this is the case, evo- 
devo will not fulfill the promise of its 19th- 
century precursors but instead recapitulate 
their failures. 

But it hasn’t so far. Like all good history, 
the studies in From Embryology to Evo-Devo 
_givea perspective on the present as well as the 
past. The same is true when we reread The 
Evolutionary Synthesis. 
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PHYSICS 


Relativists, Skepticism, and Waves 


Michael D. Gordin 


ravitational waves are simultaneously 
hot topic and a matter of no interest. 
On the one hand, the U.S. National 
‘Science Foundation (among others) has paid 
out enormous funds for the Laser Inter- 
ferometer Gravitational-Wave Observatory 
(LIGO), which is expected to provide the first 
concrete evidence of the 
existence of these waves 
‘coursing across the fab- 
ric of space-time. You 
don't get that kind of 
funding unless there is 
something to be found 
and that something is 
quite important. On the 
other hand, essentially 
nobody doubts the out- 
come of LIGO's work. 
Although they have 
never been unambiguously detected, gravita- 
tional waves are simply assumed to exist— 
they are now seen as required by Albert 
Einstein's general theory of relativity—and 
LIGO will only put the icing on a cake physi- 
cists consumed a long time ago. 
Orso one would think, talking to contempo- 


The reviewer is atthe Department of History, Princeton 
University, Dickinson Hall 30S, Princeten, Wi] 08544, USA. 
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rary gravitational physicists (often called “rela- 
tivists,” without the rancor scientists direct 
toward historians of that stripe). The great 
achievement of Daniel Kennefick's fascinating, 
Traveling at the Speed of Thought is that he 
takes this assumed existence of gravitational 
waves apart, He is not out to show that they do 
not exist—far from it, Rather, he carefully 
explains how durable skepticism has been 
toward the existence of gravitational waves 
ever since Einstein first predicted them in 1916, 
Even Einstein was a sometime skeptic, and 
many of his direct collaborators maintained 
severe doubts after his death. Yet gravitational 
waves are now taken for granted. Kennefick 
‘ells us how this common sense emenged. 

This is no mean feat, considering how 
‘complicated the physics of general relativity 
is, and how hard it is to perform the calcula- 
tions that predict the existence and behavior of 
the astonishingly weak gravitational waves. 
To one extent, then, Kennefick offers a read- 
able (although at times overly technical) 
account of the theory of gravitational waves, 
exploring why skepticism was a reasonable 
stance at various points in the 20th century 
and why ithas ceased to be so in the 21st, This, 
‘eminently interesting account is, however, the 
less intriguing aspect of Kennefick’s book. 

‘The more interesting aspect concerns the 
role of analogy in science. Gravitational waves, 
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provide an almost-perfect case for examining 
the way analogical reasoning works in science. 
Analogy proves central in two ways 

The first, more obvious aspect of analogi- 
cal reasoning in gravitational wave theory per- 
tains to the analogy between electromagnet- 
ism and gravity. General relativity posits a 
field theory of gravity, and Maxwell's equa- 
tions offer an eminently successful direct ana- 
log. The clinching prediction from those equa 
tions was the experimental detection of the 
existence of electromagnetic waves, so to 
secure relativity one ought to look for gravita- 
tional waves, The problem lay in the striking 
disanalogies between the two forces: gravityis 
vastly weaker, and it does not possess two 
opposite charges (mass is its only “charge”). 
The strength problem makes the waves hardto 
detect. The charge problem means that there 
can be no dipole sources of gravitational radi- 
ation, and one must begin one'sanalogies with 
quadrupole systems (such as binary star sys- 
tems). Kennefick carefully points out when, 
how, and why the analogies both produce sug- 
gestive results and hopelessly break down. 

He is less explicit, however, on the role of 
analogies within approximation techniques, 
which are essential to almost every area of 
theoretical physics. The tensors of general rel- 
ativity are legendarily complicated to actually 
compute with, and verifiable predictions can 
usually be generated only through simplifica- 
tion, These techniques are essentially analo- 
ies, in the same sense as the electromagnetic 
analogy, To take two examples of many such 
techniques from Kennefick’s catalog, the 
“slow-motion” approximation of Einstein’ 
field equations analogizes them to Isaac 
Newton's gravitational theory, whichis indeed 
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theory of gravity but excludes the possibility 
of waves. The “fast-motion” approximation 
analogizes them to special relativity, which 
can accommodate the waves but isn’t a theory 
of gravity. Both of these are instances of anal- 
ogy, and both are essential for the production 
of useful physics, but they both come with 
dangers. Itis impossible to putdown this book 
without a renewed appreciation for analogical 
reasoning as a double-cdged sword. 


Traveling at the Speed of Thought itself 


bears a doubled-edged character. On the one 
hand, itis an account of the history of gravita- 
tional waves by a one-time student of theoreti~ 
ies. The author's closeness to many of 


Cartographia. Mapping Civilizations. Vincent 
Virga and the Library of Congress. Little, 
Brown, New York, 2007. 272 pp. $60, CS75. 
ISBN 9780316997669. 

This survey across time presents maps (and related 
images) as primary documents from the explo- 
ration of the world: representations of particular 
places at specific times. Beginning with Babylonia 
(the source of the cuneiform tablet, c. 1500 BCE, 
showing the plan of fields at Nippur, right) and 
the Mediterranean, Virga proceeds through Asia, 
Arica, Europe, and the Americas to Oceania and 
‘Antarctica. He concludes with samples of cartogra- 
phies of culture and science, including depictions 
of the Internet, the human genome, and literary 
adventures for children. In addition, the author 
discusses the stories maps tell about how and why 
they were made and used. 


the (more recent) actors and to their 
physical concerns endows the book 
‘with much ofits passion and vigor. The 
other edge shows the hallmarks of a 
historical detective story and shows 
the payoff of close archival work, 
Consider this one example. In 
1936, Einstein and his co-author 
Nathan Rosen submitted a paper to 
Physical Review titled “Do gravita- 
tional waves exist?” Einstein and 
Rosen concluded they did not. 
Physical Review editor John T. Tate 
somewhat atypically sent out the 
paper for anonymous peer review, 
and the referee made important cor- 
rections and suggestions that had sev- 
eral effects: Being subjected to 
review so offended Einstein that he 
withdrew the paper in a huff and 
never again published in the journal, 
and the reviewer's comments forced 
Einstein to silently correct the mistakes in his 
work before soon publishing the paper else~ 
where. Kennefick provides a virtuoso per 
formance of archival sleuthing and discovers 
that the reviewer was Princeton relativist 
Howard Percy Robertson. I leave the detailed 
story to be enjoyed by the reader but will state 
that itis not only amusing but offers some real 
insight into the mind of the world’; most 
famous physicist, Many scientists have had 
this experience of rage at a peer review. Most 


scientists pick themselves up and revise the 
piece to address the referee's concerns. 
as in perhaps other areas, they are no Einstein, 


nthis, 
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EPIDEMIOLOGY 


Outbreak Investigation and 
Response Training 


‘Andres G. Lescano,"* Gabriela Salmon-Mulanovich,' Elena Pedroni? David L Blazes’ 


Short courses that build skills for investigating 
and responding to disease outbreaks may 
enhance response to potential epidemics in 
resource-timited settings. 


he resurgence of poliomyelitis and and postcourse outbreak 
[ cholera (/, 2)and the advance of avian reports. The course responds 
influenza (3) highlight the need for to the context, needs, and Lissa 


diseases of resouree-limited 
settings and has been adapted 
to various locales and audiences 
[supporting online material (SOM), 
p19). 

Courses are offered on request 
from the host country. National- and 
province-level epidemiology units select 
Participants from among those responsi- 
ble for outbreak-related fimctions. Courses 
usually have 30 to 60 students, divided into 
four to six groups (SOM, p. 2). Faculty 
members are from NMRCD, the host coun- 
try, and the local academic community. 
Courses are accredited by local universities 
and are often cosponsored by international 
agencies (8). Training is coordinated with 
available FETPs. All materials are trans- 
ferred to local faculty to en- 
courage replication and to 


prompt and accurate response to disease out- 
breaks, Epidemic events often arise in the 
developing world (4) where countries are 
less prepared to respond. The World Health 
Organization's 2007 World Health Report 
identifies global outbreak response as one of 
its highest priorities (4). Field Epidemiology 
Training Programs (FETPs) sponsored by 
the U.S. Centers for Disease Control and 
Prevention (CDC) have provided training for 
local epidemiologists, but the need outstrips 
the programs’ availability (5). FETPs, which 
typically provide 2 years of training and men- 
tored field experience (6), have led to reduced 
morbidity and improved public health pro- 
grams (7), However, FETPs are costly (5) and 
take years to implement, We have instead used 
short, locally targeted courses to build profes- 
sional capacity for outbreak investigation and 
response in the Americas. 


@) 
® 
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Outbreak courses taught Reported out- 
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make continuing education self jg the Americas (8). Numbers. breaks were var~ 
The Modet sustaining. Course materials in representtrainees per country ied, including food- 
The U.S. Naval Medical Research Center Spanish and English are freely 2002-06. bore and respiratory 


Detachment (NMRCD), Lima, Peru, one of 
the five Department of Defense (DoD) over- 
seas laboratories, developed a S-day, 40- 
hour in-elasstoom course in Spanish aimed 
at developing skills for disease outbreak 
investigation and response at Ministries of 
Health, Training combines lectures, read~ 
igs, and tutored group work on case stud- 
Acquired skills are applied by solving 
case studies and preparing and presenting 
outbreak reports, Student performance is 
evaluated with exams, group presentations, 


"U.S Nas eda Research Center Detachment (NMRCD), 
Lima, Feu, “pidemilogy Department, National Ministy 
‘of Health, Buenos Aires, Argentina OLB. isa military 
service member, and AG.L and GSM. are employees of 
the US. government 


Disclaimer: The views expressed inthis article are those of 
‘the authors and do not necessarily reflect the oficial pol- 
‘gy or positon ofthe Department ofthe Navy, DoD, oF the 
USS. Government. This work was prepared as part of thei 
official duties. Training was funded by the DoD Global 
Emerging infections Sytem (GEIS) andthe US. Agency for 
Intemational Developmen, with support in kind from host 
‘countries and iterational agencies. 
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available (9). 
After the course, students were asked to 
report a contemporaneous disease outbreak 
that required a field investigation, as well 
as control-and-response measures. Faculty 
assists with preparation of the reports and 
provides feedback to graduates. Reports are 
systematically collected from courses of- 
fered by NMRCD (SOM, pp. 2 and 3). 


Immediate Outcomes 
From 2002 to 2006, 33 courses were taught to 
1343 students from 14 countries (see figure, 
above). In the last five courses, participants 
included physicians, nurses, biologists, labo- 
matory workers, environmental health special- 
ists, and veterinarians. One-quarter had 
postgraduate degrees, and 64% were women. 
Many province-level epidemiology directors 
and five national directors attended training, 
as well as FETP trainees in Argentina, Costa 
Rica, and Peru who registered to reinforce 
their kills. 

About 41% (259 out of 634) of all gradu- 
ates of S-day courses taught by NMRCD sub- 
mitted outbreak reports (samples in SOM). 
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illness, substance use- 
related psychosis, Guillain-Barré clusters, 
and hemorthagic fever. Although not a rep- 
resentative sample of all outbreaks, this 
regional compilation is lange, diverse, and 
possibly unique, 

Student surveys showed high satisfaction 
with all course components [mean >4.5 of S 
(SOM, p. 13)]. Pre- and post-tests demon- 
strated a significant improvement in the 
average knowledge of concepts and defini- 
tions about outbreak investigations methods 
(SOM, p. 14). 


Impact and Sustainability 

Course coordinators in Argentina, Costa 
Rica, and Chile reported that training led to 
introducing new surveillance, detectio 
and response procedures, including noti 
cation mechanisms, reporting templat 
and response teams. They also thought that 
courses improved their ability to detect, 
investigate, and respond to outbreaks and 
stimulated their staff to pursue careers in 
epidemiology (SOM, p. 16). Additionally, 
the 84 first graduates who responded to an 
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‘ongoing evaluation reported that they par- 
ticipate in more outbreak investigations 
after our training (0.2 versus 0.9 investiga- 
tions per trainee-year, P< 0.001). They also 
reported identifying the source or mecha- 
nism of the outbreak more often and pub- 
ishing more outbreak reports in the scien- 
tific literature (SOM, p. 15). 

In years, graduates from nine countries 
have organized 19 replicate outbreak cour- 
ses, 9 of those without NMRCD support in 
four different countries (see table, below), 
The course is now the introductory module 
of the Argentine FETP and is routinely 
taught in three Master's degree programs. 
Graduates of independent and NMRCD 
courses assumed similar roles after training. 
One graduate of an independent course 
became Argentina's FETP field coordinator 
‘and has taught in four international courses 
and has led field investigations in three 
neighboring countries. 

Relationships formed during training 
resulted in a network of standardized 
expertise. More than 50 students trained 
outside their countries to learn the method- 
ology and to bring it home. Peruvian and 
Argentine faculty also taught in other 
‘countries, nurturing partnerships and cross- 
border coordination, 

Host countries shared 25 to 75% of the 
costs, showing clear interest and commit- 
ment, Supported by international agencies 
and their own funds, countries provide 
facilities and participant-related costs. 


COURSE OUTCOMES 


lished (2002-06) (see SOM). 


wwwsciencemag.org_ 


Course outcomes. A growing network of graduates and new courses is estab- 


NMRCD usually supports course materials 
and its faculty’s salaries and travel (~$2000 
for courses in Peru and ~$8500 elsewhere). 


Discussion 

Outbreak investigation is key for prompt, 
effective response to health emergencies. 
Our experience in the Americas demon- 
strates the feasibility of developing this 
capacity through a flexible and potentially 
self-sustaining approach of horizontal part- 
nerships with host countries. 

In the Americas, there were only 303 FETP 
graduates by 2001, and no new programs 
started since then (5), while a mere 24 Latin 
American epidemiologists graduated from the 
CDC Epidemic Intelligence Service (10). In 
contrast, our courses produced 1343 gradu- 
ates since 2002. Four graduates have led 
national epidemiology units—investigating 
outbreaks and mentoring junior epidemiolo- 
gists—both of which are core FETP compe- 
tencies (6). Graduates of both NMRCD and 
independent courses reached leadership posi- 
tions in several countries after a few years, 
‘Also, outbreak reports addressed important 
public health issues that required field studies 
and response measures but had not been for- 
mally documented, Outbreak notification 
became more standardized with the use of 
NMRCD%s templates, which facilitated the 
continued collection of data and the creation 
of local outbreak compilations, 

Although there are limited data about 
the value of alternate models (7, //) and 

assessing training im- 
pact is fraught with 
methodological chal- 
lenges, indications of 
the effectiveness of 
our program include 
the following: (i) 
Course coordinators 
observed that training 
improved national de- 
tection and response 
capacities, (i) gradu- 
ates reported increased 
‘outbreak notification, 
and (iii) courses were 
universally well re- 
ceived and frequently 
replicated. 

FETPs offer skills, 
mentoring, and net- 
work linkages that 
exceed the aims of 
focused training. Our 
courses, however, pro- 
vide skills to design 
outbreak  investiga- 
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tions, to conduct descriptive and analytic 
epidemiology, and to interpret and present 
scientific evidence. This structured ap- 
proach complements the extensive field 
‘experience of most participants. Reporting 
an outbreak in the manner of a scientific 
‘manuscript sharpens communication skills, 
‘and introduces publication practic 

‘Our approach is made possible by the su: 
tained presence of international research cen- 
ters in epidemic-prone regions. Centers like 
NMRCD transfer knowledge and technology, 
as they accumulate expertise and have mutu- 
ally respectful relations with host country 
partners, Also, the location of these centers in 
high-risk regions reduces travel costs, which 
allows inexpensive training replication, The 
CDC Central American Center, the DoD lab- 
oratory network, and the Pasteur Institutes, 
also support capacity-building (/2, 13) and 
‘could replicate our approach in other regions, 


Conclusion 

Building sustainable response capacity for 
disease outbreaks in resource-limited set 
tings, as called for by the 2007 WHO report 
(4), is a formidable challenge. FETPs, the 
gold-standard approach, are often unafford- 
able because of costs and implementation 
timelines. More immediate approaches like 
‘our outbreak training course may offer viable 
intermediate steps for many countries to 
enhance preparedness for future epidemics. 
As evidenced by how three countries built a 
cohort of outbreak responders and faculty 
able to further replicate the training after 
only two courses, professional capacity can 
be built incrementally in order to optimize 
the response to disease outbreaks. 
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NEUROSCIENCE 


Maternal Effects 


on Schizophrenia Risk 


Paul H. Patterson 


‘nderstandably, there is great enthus 
[ ‘asmsurrounding the search for candi- 
date genes that increase the risk for 
devastating mental disorders such as schizo- 
phrenia, Progress is being made on several 
fronts, such as identifying genes that regulate 
potential molecular pathways underlying 
bbrain development. Genetic variants are also 
being associated with brain functions during 
particular cognitive tasks. What is equally 
important, though, and at risk of being lost in 
this gene fervor, isabalanced view of the vari- 
ety of risk factors for mental illness. Many 
mental disorders are now referred to as 
“genetic diseases” as if they were autosomal 
dominant, like Huntington's disease, in which 
inheriting a genetic mutation causes the disor- 
derin every person. In the case of schizophre- 
nia, recent epidemiological andanimal studies 
are taking understanding of environmental 
influences to the molecular level. 

Much of the emphasis on the genetics of 
schizophrenia comes from twin studies, 
where the incidence of the disorder in genet- 
ically identical (monozygotic) twins is 50%. 
This 50% concordance leaves considerable 
room for nongenetic influences. However, 
even that figure may be an overestimate of 
the role of genetic influence (/). Several 
lines of evidence point to a key role for 
‘maternal environment, 

Not widely appreciated in deducing the 
importance of genes from twin studies is the 
fact that two-thirds of monozygotic twins 
share a placenta, which isa key environmental 
factor. Individual placentas vary with respect 
to the transport of various nutrients and hor- 
mones (2), which affects normal develop- 
‘ment. Interestingly, X-chromosome inactiva- 
tion is affected by placental status (3) and, in 
the largest study of its kind, so is 1Q (4). It is 
therefore possible that the placental environ 
‘ment can influence the expression of genes 
that are linked to neurodevelopment and 
schizophrenia. Moreover, indirect evidence 
suggests that monozygotic twins sharing a 
placenta have a higher concordance for schiz- 
ophrenia than monozygotic twins with sepa- 
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rate placentas (5, 6). It would be extremely 
informative to directly assess placental status 
intwin studies of schizophrenia, and there are 
twin registries where this could be done (7). 
Placental status could also influence fetal 
responses to infectious agents in the mother. 
For instance, twins sharing a placenta are 
bathed in the identical blood supply of 
cytokines that are induced by maternal inf 
tion, Moreover, sharing a placenta increas 
the risk for infection in twins (8), Birth in win- 
ter or spring months, when respiratory infec- 
tions are frequent, is a well-established risk 
factor for schizophrenia, and most ecological 
studies of influenza report an increased inci- 
dence among offspring born to mothers who 
were inthe second trimester of pregnancy dur- 


‘The matemal environment. Atterations in fetal brain 
development, and their associated behavioral 
changes, have been linked tothe placental environ- 
ment in human and animal studies. Image isa color 
‘mezzotin from Gautier D'Agoty, Anatomie des parties 
de la génération de homme et de la femme (1773). 


Local environmental factors impinging on 
the fetal brain can tip the balance toward 
mental illness. 


inganepidemic (9). Mostimportantly, a recent 
prospective study found that maternal respira- 
tory infection increases the risk for schizo- 
phrenia in the offspring three- to sevenfold. 
Because of the high prevalence of influenza 
infection, Brown etal, estimate that 14 t0 21% 
of schizophrenia cases would have been pre- 
vented if maternal infection had not occurred 
(9). Moreover, there is an association between 
elevated concentrations of cytokines or anti- 
bodies to influenza antigens in maternal serum 
and the incidence of schizophrenia in offspring 
(9). Maternal infection may also play a role in 
the pathogenesis of autism (/0), although 
more epidemiology is needed here. Such links 
are remarkable, considering that elevated risk 
may only be in genetically susceptible individ- 
uals. If so, the risk associated with maternal 
infection in that subgroup would be consider- 
ably greater than three-to sevenfold, 
Although epidemiological studies cannot 
establish causality, recent work with animals 
provides experimental evidence that maternal 
respiratory infection can influence the physi- 
ology, behavior, and neuropathology of adult 
offspring, For instance, maternal influenza 
infection in rodents causes abnormal behav- 
iors in adult offspring that 
those seen in schizophrenia and autism, These 
include deficits in social interaction, working 
memory, prepulse inhibition, and tatent inhi- 
bition. The latter deficits display postpubertal 
onset and are normalized by antipsychotic 
drug treatment. Maternal infection in rodents 
is also associated with elevated anxiety and 
neuropathology in offspring that is consistent 
with that observed in schizophrenia (11, 12) 
(Changes in the behavior and neuropathol- 
ogy of the rodent offspring are also elicited by 
injection of synthetic double-stranded RNA 
into the mother, which evokes an antiviral-like 
inflammatory response (/2-/4), Molecular 
‘manipulation in this model shows that behav= 
ior of the adult offspring results from the 
balance of pro- versus anti-inflammatory 
cytokines produced by the mother. That is, 
blocking pro-inflammatory interleukin-6 or 
increasing the concentration of anti-inflam- 
matory interleukin-10 strongly attenuates the 
effects of maternal immune activation on fetal 
brain development (/5, 16). Similar findings 
have been reported for a model in which 
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‘maternal bacterial infection is mimicked in 
rodents by injection of lipopolysiccharide, an 
immunogenic bacterial component (7). 

Although a genetic element clearly con- 
tributes to schizophrenia andother mental dis 
orders, the maternal-fetal environment must 
also be taken into account. Environment can 
alter genetic outcomes and vice versa, and 
future research must both tease the two influ- 
‘ences apart and consider them together to bet- 
ter understand the onset, progression, and 
treatment of mental disorders. 
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ECOLOGY 


Thinking Long Term 


Robert A. Cheke 


cologists seeking patterns in 
Bini ‘and environmental 
correlations dream of coming 

to grips with lengthy data sets. Usually, 
animal numbers are determined both 
bby density-independent environmental 
factors and by density-dependent pop- 
ulation processes involving time lags. 

Disentangling these different factors 

requires painstaking fieldwork and 

mathematical skills from the scientists 

‘and the patience of Job among funding 

agencies, Two new analyses of 1000- 

year-long data series illustrate how 

long series can reveal insights and improve 

predictions of pest outbreaks (/, 2). 

Caterpillars of the larch budmoth (see the 
figure, left) can reach densities of 30,000 per 
tree when they defoliate larch trees and inhibit 
tree growth, effects detectable as narrow 
growth rings. Esper eral. recently examined 

§ larch wood from the European Alps dating 
© back 1173 years (1). The results show that 
budmoth outbreaks have occurred every 9.3, 
years on average since 844 C.E.; the authors 
attribute their absence since 1981 to contem- 
porary warming, which stimulates early egg 
development and premature hatching. This 
may be good news for the trees, but is it yet 
nother sign of the effects of anthropogenic 
climate change? 

Thinking of insects’ activities more than a 
thousand years agorecalls biblical accounts of 
plagues of desert locusts, but there is no con- 
tinuous historical record of such plagues 
before the 20th century, However, a Chinese 
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‘The value of long-term data. Recent studies of data sets spanning over 1000 
years have shed light on the environmental factors that influence the popula 
tion cytes of larch budmoths (eft) and Chinese migratory locusts (right). 


Emperor instigated the sporadic collection of 
data on Chinese migratory locusts (sce the 
figure, right) as early as 707 B.C.E., and his 
successors maintained a continuous series of 
annual records from 957 C.E. (3-5). Stige et 
«al have now reanalyzed these data in the con- 
text of rainfall and temperature changes (2). 
As in time series of desert locusts (6), brown 
locusts (7), and Austratian plague locusts (8), 
the data are not insect numbers but proxies 
based on numbers of administrative areas 
infested. Significant relationships with rain- 
fall can be found in all of these locusts. but 
how rainfall affects the insects’ survival may 
vary according to species, depending on 
whether they have eggs that can remain dor- 
mant for a year or longer and so survive 
droughts, and on the spatiotemporal distribu- 
tion of the rain, For the Chinese locusts, Stige 
‘etal. show that both floods and droughts are 
important, with temperature and rainfall inter- 
acting to set the scene (2). The study also 
emphasizes the importance of low-frequency 
phenomena, which involve effects discernible 
at time scales longer than a year. These are 
known in many ecosystems and were detected 


‘Thousand-year records of animal population 
pattems and climate yield insights into the 
impacts of environmental change. 


in desert and brown locusts as 
‘unexplained 16-and 17-year eycles, 
respectively (6, 7). 

Previous studies ofthe Chinese 
locust (3-5) focused on interan- 
‘nual rather than longer-term varia- 
tions, with one notable exception 
showing that population variabil- 
ity increased at longer time-scales 
(9). Stige etal, have now re-exam- 
ined the data at lower frequenc’ 
than annual, In a kind of ecologi- 
cal archacology, they used mean 
decadal temperature (derived from. 
ice cores, tree ring data, lake sediments, and 
contemporary records) and mean decadal 
rainfall (based on samples of juniper that tally 
with precipitation indices) to show that there 
‘were more locusts when the climate was cold 
‘and wet and fewer when it was warm and dry. 

‘The authors find that these climatic effets 
accounted forlocust variability for periodicities 
‘of 30 years or more. Decadal frequencies of 
droughts and floods havea multiplicative effect 
‘on the locusts. Both droughts and floods are 
‘more common in cold, wet periods, conditions 
associated with high locust numbers because 
droughts allow the insects to lay eggs on river- 
banks and lakesides; retreating floods also 
provide ideal breeding conditions. These re- 
‘sponses detected at decadal scales have impor 
tant practical implications: A projected warm- 
ing Chinese climate would be expected to lead 
tofewerlocustsas aresult ofa reduced breeding 
habitat, despite a positive association between 
Jocusts and temperature at the annual scale (3). 

‘Frequency-dependent effects of this kind 
may need to be taken into account to correctly 
interpret other phenomena liable to disrup- 
tionby global warming, such as wind systems 
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that affect locust migrations and the mixing 
of swarms originating from different sources. 
Examinations at finer scales than the whole 
of China and further understanding of 
the interactions between subpopulations are 
needed. Desert locusts, for instance, havereg- 
ional populations whose dynamics are cross- 
correlated (0). 

Further insights from China are likely after 
the compilation of meteorological and ecolog- 
ical records from the past 3000 years (//). 
Science needs such long data sets and the 
financial commitments to provide them. 


‘Some series could be reconstructed, as in the 
larch budmoth case, but finding biological 
data sets on a par with those for the budmoths 
and locusts will need imagination and 
help from historians. The Chinese Emperors 
thought long term, and so should we, by main- 
taining current data collection programs 
essential for the understanding of contempo- 
rary phenomena in the short, medium, and 
very long term, perhaps 1000 years hence, 
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MICROBIOLOGY 


Deadly Priming 


Roberto Kolter 


lonstituent cells of an organism com- 
( ‘municate with each other through 
‘chemical signals to coordinate growth 
and differentiation, Cells also perish along the 
‘way, their programmed death benefiting the 
organism's survival (/), Bacteria also “talk” to 
each other through chemical signals and, on 
‘occasion, kill themselves (2, 3). This suggests 
that they are capable of multicellular 
behaviors (4). On page 652 of this issue, 
Kolodkin-Gal et al. show that the bacterium 
Escherichia coli releases a signaling molecule 
that activates a programmed cell death path- 
‘way, supporting the concept that multicellu- 
larity isa general bacterial trait (5), 
Programmed cell death mechanisms in 
bacteria often follow a common theme: A 
lethal toxin is constitutively produced and, at 
the same time, an antitoxin is made for pro= 
tection (3). When synthesis of both is main- 
tained, the bacterial cell survives even though 
the antitoxin is usually more labile than the 
toxin. But when their synthesis is arrested, the 
greater lability of the antitoxin eventually 
‘unmasks the toxin’s activity, leading to the 
cell’ demise. The lethal effect ofthese toxins 
can be due to a variety of activities, such as 
inhibiting DNA replication or translation. 
Bacterial toxin-antitoxin systems were first 
found encoded in plasmids, autonomously 
replicating extrachromosomal elements whose 
inheritance is not always guaranteed upon cell 
division, However, any cel that fails to inherit 
the plasmid will soon find itself without any 
antitoxin and dead. The surprise came when 
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similar toxin-antitoxin coding modules were 
found in bacterial chromosomes. Why would a 
bacterium want to kill itself? Such a response 
‘makes little sense for an individual cell, But 
when that cell is a member of a multicethular 
aggregate, its death could benefit the rest. For 
example, the development of fingers ina human 
embryo requires the cells between the fingersto 
undergo programmed cell death, 

Many of the known stimuli that trigger pro- 
grammed cell death in bacteria are environ- 
mental stresses, such as exposure to antibiotics 
or ultraviolet light. Kolodkin-Gal er al. now 
demonstrate that for these stresses to be effcc- 
tive, a self-generated signal must also be pres- 
ent. Prior results indicated that toxin-mediated 
cell death could onty be observed in cultures 
with high population density (6). Kolodkin- 
Gal et al. determined that cell-free medium. 
from a high-density culture can induce pro- 
grammed cell death in cultures with low popu- 
lation density. The culprit tuned outtobea lin- 
car pentapeptide in the medium. 

Perhaps the most exciting finding in this 
report is the source of the pentapeptide. 
Many self-generated, secreted signaling 
molecules in bacteria are small molecules, 
including peptides (2). So the fact that the 
“extracellular death factor” discovered by 
Kolodkin-Gal etal. is a peptide should come 
as no surprise. But the peptide signals 
described in earlier studies are encoded in 
small genes that generate prepeptides, which 
are processed to yield the signaling mole- 
sule. What is striking about the E. coli pep- 
ide is that it is derived from the degradation 
of glucose-6-phosphate dehydrogenase, a 
metabolic enzyme (see the figure). Although 
the exact pathway leading to the production 


Bacteria behave like cells of a multicellular 
‘organism, secreting a molecule that primes a 
subpopulation to commit suicide during 
stressful conditions. 


Extracellular death factor i secreted 


f 
eho 


‘activated programmed 
cell death 


Spreading the message. A bacterial metabolic 
‘enzyme is degraded, yielding a peptide that is 
released. When sensed by cells in conjunction with 
‘environmental stresses, such as antibiotic exposure, 
‘toxin-mediated programmed cell death é triggered. 


of this pentapeptide remains to be defined, it 
‘seems reasonable that it is made when the 
bacterium, for reasons unknown, begins to 
destroy this enzyme. Thus, an apparent inter= 
nal stress, such as the onset of starvation, 
could generate this signal, which is secreted 
(perhaps by some moribund cells in the pop- 
ulation) and primes the population such that 
some cells can be killed through the pro- 
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grammed cell death pathway when con- 
fronted with other stresses. 

How does this “extracellular death factor” 
function? Does it feed into the toxin-antitoxin 
programmed cell death pathway directly, or 
does cell death result from synergistic interac 
tion between multiple celtular pathways? The 
finding raises the possibility that there are 
analogous molecules—degradation products 
from normal cell components—that serve as 
signals to communicate specific physiolo 
cal changes in subpopulations of cells to the 
entire community. This certainly adds a whole 
new dimension to how and why bacterial cells 
talk to each other, 

Kolodkin-Gal er al. use “quorum sensing” 
to frame their findings, a term first used to 
describe the function of many secreted bacter- 


ial signaling molecules to abroad audience (7). 
Cells produce signaling molecules at a con- 
stant rate such that the concentration of these 
molecules within a given volume is propor- 
tional to the number of cells. By sensing the 
molecule, cells in the populations are said 
to “count their numbers.” The results of 
Kolodkin-Gal etal. demonstrate, however, that 
the termas applied to any self-generated signal 
may be somewhat limiting. The Argentine 
philosopher Emesto Sabato said that any at- 
tempt to explain relativity by talking of trains 
moving at a station docs not explain relativity 
(8). Pethaps explaining bacterial behaviors by 
analogy to the numbers of members required 
to be present at a mecting shortchanges the 
intricacies of bacterial physiology. Sensing a 
molecule generated from the demise of ameta- 
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bolic enzyme is perhaps telling the bacterium 
more than just how many cells are present 
Quorum sensing has been a wonderful addi- 
tion to the language of microbiology, but we 
must realize that bacteria can clearly tell each 
other much more than just their numbers. 
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ASTRONOMY 


Pulsars 40 Years On 


Jocelyn Bell Burnell 


iscovering a new object in the uni- 
D=« is a lot like downhill skiing. 

fanding outside the summit hut 
looking around, we feel our feet slither a little 
and we begin sliding. We go with the glide 
d then realize we're ona new track, bidding 
farewell to the hut and its comforts. There are 
other skiers with us, whooping and shouting 
as the pace picks up. Recognizable features 
whoosh by. There are forks and diversions, 
some left unexplored, Sometimes the trees 
fall back, opening wide vistas to be explored, 
and we take different tracks across those 
patches, I's long hill, the slope is still steep, 
and the valley floor continues to fall away 
before us. So it was with the discovery and 
subsequent study of the spinning neutron 
stars called pulsars (/), 

Other researchers will recall experiencing 
the adrenaline rush as.a new field opens up in 
front of them. Although the skiing analogy 
captures my sense of the excitement and thril 
of the development of a new field of astro- 
physics, it may not fairly represent the decades 
of hard work by many colleagues, which at 
times must have felt uphill. 

It has been 40 years since neutron stars, in 
the guise of pulsating radio stars (pulsars), 
were discovered (2). My colleagues and I at 
Cambridge University had built a radio tele- 
scope by stringing hundreds of kilometers of 
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wire over a thousand wooden poles. Our goal 
was to detect quasars (quasistellar sources) 
that had been recognized as the most distant 
detectable objects in the universe and also 
‘extremely powerful sources of radio waves. 
Several months into the data collection, 1 
noticed a series of regular radio pulses in the 
midst of a lot of receiver noise. After initial 
‘anxieties that there was radio interference or a 
fault with the equipment, it became clear that 
‘we were dealing with neutron stars, which are 
small in radius but large in mass (and there- 
fore also large in density). The significance of 
the discovery dawned gradually and, indeed, is 
still developing 


Cosmic lighthouse. Pulsars are spinning neutron stars that 
emit radio beams rom their ted north and south magnetic 
poles. The radio beams sweep across the shy, appearing on in 


Earth as highly regular radio pulses. 


The discovery of pulsing radio signals from 
spinning stars in 1967 is still influencing 
astrophysics today 


The high density of neutron star interiors, 
comparable to the density of the nucleus of 
the atom (imagine the world’s population 
crammed into a sewing thimble) has led to 
some interesting condensed matter physics. 
We now understand the physics of the outer 
layers of a neutron star, yet we still do not 
know what is in the center—quarks, ki 
pions, Bose-Einstein condei 
them are possible, And the hi 
tron stars now being found probably require 
such exotic components. 

‘We now understand that a pulsar behaves 
like a cosmic lighthouse (see the figure), 
swinging a radio beam around the sky as it 
rotates. As the beam sweeps across 
Earth, radio telescopes pick up a puls 
Pulsars are less than 20 km across and 
typically rotate several times a second, 
The fastest, however, goesat 700revolu- 
tions per second—staggering when you 
realize they have a mass of 10” metric 
tons. However, once a body of this mass 
is rotating, it takes a lot to change its 
rotation, so the pulse period is accu- 
rately maintained. The pulsar is an 
excellent clock. 

The existence of such clocks 
opened up the field of experimental rel- 
ativity (3). Using pulsars, researchers 
have discovered gravitational radiation, 
as predicted by Einstein. Precision tim- 
ig also shows when a pulsar is ina 
binary star system, orbiting a compan- 
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ion star. We now know of many pulsars in 
such binary systems, including several where 
both stars are neutron stars and one system 
where both are pulsars. Exquisite precision 
measurements allow detection of the preces- 
sion of the orbit, the inward spiraling of the 
‘two stars, the gravitational redshift, and other 
phenomena predicted by the theory of gen- 
ceral relativity, and confirm that theory to the 
0.05% level 

Although we understand the precision of 
pulsars, we still do not understand the mecha- 
nism that produces the radio emission. And. 
‘while it scemssensible that therotation should, 
gradually slow (typically the period has 
inereased by 1 second since the extinction of 
thedinosaurs), we donotreally understand the 
slowing-down mechanism either. Further- 
‘more, some pulsars have “glitches”—the pull 
sar rotation speeding up suddenly—and a full 
explanation of that is still pending. Precision 
timing of a pulsar allows the detection of the 
‘wobble produced by planets orbiting it, and 
\we know of two (or maybe three) pulsars with 
planets, Two or three is a difficult number to 
explain given that we know of around 2000 
pulsars. You would expect none, but if we 


accept that our understanding is incomplete 
and that there must be a way of keeping orcre- 
ating planets around pulsars, then surely there 
should be many more. 

Astronomers working in the high-energy 
x-ray and gamma-ray wavebands have added 
to the interest by finding objects that look just 
like pulsars but are mostly “radio quiet.” 
Pulsar magnetic fields are believed to be 
large (a million million times Earth's mag- 
netic field), but some of the x-ray and gamma- 
ray pulsars, known as magnetars, have fields 
that are a thousand times larger still, 

And so it has gone on, amazing result 
followed by jaw-dropping discovery. Al- 
though the field is 40 years old it is showing 
no sign of settling down into middle age 
quite the opposite. At the moment, we seem 
to be in a phase where we are discovering 
“peculiar pulsars.” Unusual (or, more fairly, 
unexpected) types of pulsar or neutron star 
are coming to light, and we suspect we've 
seriously underestimated the number of 
neutron stars in the Galaxy. Now we have 
intermittent pulsars, which are quiet more 
than they pulse but still accurately maintain 
the pulse phase (4, 5). Wealso have to revise 
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‘our understanding of the supernovae explo- 
sions that create neutron stars. 

Forty years is approximately a scientist's 
working lifetime, and those who joined this 
new field as graduate students or postdocs 
are now reaching retirement age. How- 
‘ever, the community is young and vigorous, 
with excellent leadership, so will continue to 
thrive. The large radio telescopes that the 
‘community uses were almost all in existence 
when pulsars were discovered, although the 
receivers and the computing facilities used 
with those large telescopes have improved 
immensely. But ifthat much can be done with 
50-year old telescopes, what will the new gen- 
eration of telescopes like the Square Kilo- 
meter Array (6) and its precursors reveal? 
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EVOLUTION 


The Sharp End of Altruism 


Holly Arrow 


hich would you prefer: a society of 
\ \ ] selfish but tolerant freetraders, or 
a warrior society in which people 
help one another but are hostile to out- 
siders? Ifyou value both altruism and tol- 
erance, neither seems ideal. Societies of 
tolerant altruists, however, are exceed- 
ingly rare in the simulation presented by 
Choi and Bowles on page 636 of this issue 
(1). Instead, altruism flourishes only in the 
company of outgroup hostility (parochial- 
ism), with war as both the engine of this 
coevolutionary process and its legacy. For a 
compatriot, the parochial altruit who riskshis 
life isa shining knight, whereas the outsider 
encounters the sharp end of this altruism. 
From an evolutionary perspective, altru- 
ism—acts that benefit others at a personal 
cost—is puzzling. Some influential theories 
that address this puzzle are kin altruism (2), 
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the tendency to help blood relations; and 
reciprocal altruism (3), the tendency to help 
people who are likely to return the favor. 
Neither explains generosity to non-kin when 
costs are high and reciprocation unlikely. 
Heroism in warfare is an example. Explaining 
such extravagant altruism via indirect benefits 
to altruists and their kin has proved difficult. A. 
growing body of work secks instead to explain 
altruism with models that include selection on 
both individuals and groups. 


Simulations show that war drives the joint 
evolution of altruism and hostility to outsiders. 


In such “smutlevel” models (4), the evolu 
tionary outcome depends on the relative 
impact of competing pushes and pulls ati 
vidual and group levels, Individual selection 
pushes counterproductive behaviors like 
altruism out of the gene pool. Group selec- 
tion exerts a contrary pull, favoring groups 
with many altruists over groups of more 
selfish folk. In most species, individual 
selection wins out. For humans living in small 
‘groups, however, a strong group selection pull 
is plausible. Evidence that intergroup violence 
killed a nontrivial proportion of our ancestors 
(5) has fueled interest in war as a force for 
robust group selection. War is a strong candi- 
date because people kill each other based on 
‘group membership, 

In Choi and Bowles’ simulation, 20 small 
groups of agents interact over thousands of 
generations. Agents have two genes, each with 
two alleles. They are cither tolerant (T) or 
parochial (P) and either altruistic (A) or not 
(N). Offspring inherit their parents’ traits, with 
occasional random mutations. Altruists help 
fellow group members ata personal cost; non- 
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altruists do not. Tolerant agents have lucrative 
exchanges with outsiders; parochial agents do 
not. A high proportion of parochials in groups 
restricts trading opportunities for all. 

‘Among the four possible combinations of 
traits, TN is the most profitable. These self- 
interested traders profit both from contact, 
with outsiders and from the donations made 
by altruists. The most costly combination is 
PA. These generous warriors make donations 
and also risk their lives to protect noncombat- 
ants and conquer new territory forthe group's 
offspring, Individual selection favors the T 
andN alleles over the Pand A alleles. Victory 
in war favors groups with more PA types over 
those with fewer, The other two trait combina 
tions are PN bullies, who are both hostile and 
selfish, and TA philanthropists, who both 
trade and donate to others. 

In each generation, groups are randomly 
paired. What happens next depends on the 
proportions of tolerant types and warriors in 
the paired groups. If two highly tolerant 
‘groups are paired, tolerant members reap the 
benefits of trade. Ifthe proportion of tolerant 
types drops below a strong majority in either 
group, however, the likelihood of peaceful 
trade plummets, Instead, the groups have 
either an unproductive standoff or a war, If 
both groups have the same numbers of 
warriors, a standoff results. War becomes: 
increasingly likely the greater the imbalance 
of power, and wars end ina victory or a draw. 
Some proportion of warriors are killed 
regardless of outcome. In a victory, however, 
many civilians on the losing side are also 
killed, and offspring from a postwar baby 
‘boom among the victors migrate into the con- 
quered territory. 

The societies that evolve are stable in two 
conditions: when either selfish traders (TN) or 
{generous warriors (PA) are the dominant type, 
‘A few PN bullies and even fewer TA philan- 
thropists can coexist within trader oF warrior 
regimes. The trading regime is peaceful 
‘Standoffs and wars are more common in the 
‘warrior regime, but even infrequent war—I0 
to 20%of encounters—can maintain high lev- 
els of parochial altruism. Similar findings for 
the impact of intermittent war on the evolution 
of heroism (6) suggest that war need not be 
“constant” to act asa powerful selective force. 

The convergence of altruism and paro- 
chialism in Choi and Bowles’ simulation is 
consistent with links betweenthe two found in 
behavioral studies. Selfish choices in social 
dilemma experiments, for example, diminish 
markedly when the game is embedded in an 
intergroup context (7). The boost in altruism 
caused by awareness of an outgroup is also 
more marked among women than men (8). 
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consistent with war exerting stronger selective 
pressure on males as warriors. Interestingly, 
altruism levels for women, although relatively 
unaffected by intergroup hostility, were still 
high. It appears that the relative importance of 
alternative evolutionary pathways to altruism 
may differ for men and women, 

‘A full accounting of such pathways must 
include cultural evolution. In other work, 
Bowles and colleagues show how norms can 
support altruism by promoting conformity (9). 
In the current simulation, warrior-rich groups 
enforce a trading ban. However, this norm is 
predetermined. An obvious extension would 
be to allow norms to evolve, Can pro-trade 
norms outcompete more isolationist parochial 
norms? Do norms that punish cowards natu- 
rally coevolve with war and altruism? 

‘The simulation findings suggest that one 
legacy of war is an inherent tension between 
tolerance and altruism. Cross-cultural stud- 
ies, however, provide grounds for optimism. 
In one study, people from 15 small-scale 
societies played a donation game (10). 
Average generosity correlated with the 
amount of market exchange and economic 
cooperation typical in the society. By adding 
mutable norms to the simulation, the poten- 


tial viability of societies of tolerant altruists 
could be further explored. 

A better understanding of how our im- 
pulses to give, to trade, and to attack outsiders 
‘are intertwined should help inthe quest to pro- 
mote pro-social behavior while keeping the 
sharp end of altruism sheathed, 
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ATMOSPHERE 


Call Off the Quest 


Myles R. Allen and David J. Frame 


Knowledge of the long-term response of Earth’s climate to a doubling of atmospheric carbon 
doixide may be less useful for policy-makers than commonly assumed. 


ver the past 30 years, the climate 
O research community has made valiant 
efforts to answer the “climate sensi- 
tivity” question: What is the long-term equi- 
librium warming response to a doubling of 
atmospheric carbon dioxide? Earlier this year, 
the Intergovernmental Panel on Climate 
‘Change (/) concluded that this sensitivity is 
likely to be in the range of 2° to 4.5°C, with a 
{-in-3 chance that itis outside that range. The 
lower bound of 2°C is slightly higher than the 
1.6°C proposed in the 1970s (2); progress on 
the upper bound has been minimal. 
‘On page 629 of this issue, Roc and Baker 
(3) explain why. The fundamental problem is 
that the properties of the climate system that 
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we can observe now do not distinguish 
between a climate sensitivity, 5, of 4°C and S 
> 6°C. In a sense, this should be obvious: 
‘Once the world has warmed by 4°C, condi- 
tions will be so different from anything we 
can observe today (and still more different 
from the last ice age) that itis inherently hard 
to say when the warming will stop. Roe and 
Baker formalize the problem by showing how 
a symmetric constraint on the strength of the 
feedback parameter f(which determines how 
‘much energy is radiated to space per degree 
of surface warming) gives a strongly asym- 
metric constraint on S, The reason is simp! 
As fapproaches |, Sapproaches infinity. Roe 
and Baker illustrate the point with the infor- 
mation provided by recent analyses of 
observed climate change, atmospheric feed- 
backs, and “perturbed physics” experiments 
in which uncertain parameters are varied in 
climate models. 
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It might be objected that some models that 
displayed high sensitivities in perturbed physics 
‘experiments also poorly reproduce the energy 
budget at the top of the atmosphere (4) and 
hence perform poorly in short-term climate 
forecasts (5). Likewise, the fact that direct stud- 
ies of atmospheric feedbacks provide only a 
weak constraint on S does not mean that no 
‘stronger constraint is possible. But these objec- 
tions miss Roeand Baker's main point: The fact 
that uncertainties in climate processes add up to 
«give an approximately Gaussian uncertainty inf 
‘means that there ane innumerable ways: of gen 
crating a climate model with felosetounity and 
hence a very high S, Ruling all of these out 
requires us to find observable quantities that are 
consistently related to Sin all physically plausi- 
ble climate models, and to show that observa- 


Fined concentration target 


stabilization concentration of carbon dioxide 
(orequivalent) for which the risk of dangerous 
‘warmingis acceptably low. Fortunately, we do 
not need to, 

To understand why, consider two scenarios 
forcarbon dioxide~induced warming, based on 
large numbers of runs of a simple climate 
‘mode! constrained by recent temperature obser- 
vations (6-10). In the first scenario, carbon 
dioxide concentrations are stabilized at 450 
ppm from 2100 onward. If S turns out to be 
close to our current best estimate, then achiev- 
ing this concentration target gives an eventual 
equilibrium warming of 2°C (see the figure, left, 
dashed line). But Sis uncertain; thus, even if we 
stabilize at 450 ppm, we cannot nule out much 
‘more than 2°C of eventual warming, as shown 
by the shaded plume. Notice that observed tem- 


‘Adaptive concentration target 


Year 


Carbon dioxide~induced warming under two scenarios simulated by an ensemble of simple climate 
‘models. (Left) CO, levels are stabilized in 2100 at 450 pp (right) the stabilization target is recomputed in 


2050, Shading denotes the likelihood of a particular 


simulation based on goodness-of-fit to observations of 


recent surface and subsurface-ocean temperature trends (7,8). Simulations are ploted in order of increasing 
Likelihood, so worse-fiting models are obscured, The bar labeled “EQM” shows the models ikelibood against 
their long-term equilibrium warming at 450 ppm. How these likelihoods are translated into forecast probabil- 
ties fs controversial, and the more asymmetric the liklinood function, the greater the scope for controversy. 


tions of these quantities are inconsistent with a 
high S. Despite much searching, such obser- 
vationsremain elusive. 

There are even more fundamental prob- 
lems, Roe and Baker equate observational 
uncertainty in /with the probability distribu 
tion for f: This means that they implicitly 
assume all values of f to be equally likely 
before they begin. If, instead, they initially 
assumed all values of S to be equally likely, 
they would obtain an even higher upper 
bound. This sensitivity of the results to prior 
assumptions shows that the real problem with 
the upper bound on climate sensitivity is not 
that it is high (in which case we could hope 
that more data will bring it down), but that itis 
controversial: Opaque decisions about statisti- 
cal methods, which no data can ever resolve, 
havea substantial impact on headline results. 

Alll this would be very bad newsifavoiding 
dangerous anthropogenic interference in the 
climate system required us to specify today a 


perature trends provide a much stronger con- 
straint on forecast warming even $0 years after 
stabilization than on the long-term equilibrium 
response (shown by the bar labeled EQM). 

Hence, if the true climate sensitivity really is as 
high as 5°C, the only way our descendants will 
find that out is if they stubbornly hold green- 
house gas concentrations constant for centuries 
at our target stabilization level. 

In reality, of course, our descendants will 
revise their targets in light of the climate 
changes they actually observe. Suppose that, 
in 2050, they simply divide our 450-ppm 
target forcing by the fraction by which the 
obscrved carbon dioxide induced warming 
trend between 2000 and 2050 over- or under- 
estimates our current best-guess forecast (J). 
They then recompute concentration paths to 
stabilize at this revised level in 2200. 

The long-term carbon dioxide concentra- 
tion consistent witha 2°C warming (which we 
call C2K) iscurrently uncertain, but the risk of 
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alow (and hence expensive)C2K is much bet- 
ter constrained by data than is the risk of a 
high (and hence dangerous) climate sensitiv 
ity. This is because C2K, like f scales approx- 
imately with things we can observe, and hence 
is not subject to the problems that bedevil 
efforts to constrain sensitivity. The uncertain 
ties in how the available policy levers translate 
into global emissions, and how emissions 
translate into concentrations through the car- 
bon cycle, are so lange that uncertainty in the 
final concentration we are aiming for in 2200 
is probably the least of our worries—provided 
‘we resist the temptation to fix a concentration 
target carly on. Once fixed, it may be polit- 
cally impossible to reduce it. 

The temperature response to this adaptive- 
stabilization scenario (see the figure, right) is 
much better constrained because it depends on 
current trends, not on 5, If § tums out to be 
toward the upper end of the current uncertainty 
range, we may never find out what it is: Some 
models with $= 4°C are effectively indisti 
‘guishable from others with S = 6°C under this 
scenario, But provided our descendants have 
the sense to adapt their policies o the emenging 
climate change signal, they probably won't care. 

‘An upper bound on the climate sensitivity 
has become the holy grail of climate research, 
‘As Roe and Baker point out, it is inherently 
hard to find. It promises lasting fame and hap- 
piness to the finder, but it may not exist and 
turns out not to be very useful if youdo find it. 
Time to call off the quest. 
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EPPENDORF 2007 WINNER 


Neural Circuits Underlying 
Chemical Perception 


Rachel |, Wilson 


he air around us is full of chemical 
[ signals—plumes of smelly molecules 
floating in the breeze. Most animals 
are constantly alert to these olfactory cues. 
Odors can signal the quality of a food 
source, the location of a danger zone, or the 
sexual status of a potential mate. Initially, 
these signals are transduced by receptor neu- 
rons in the nose (or in insects, by receptor 
neurons in the antennae). Olfactory infor- 
‘mation is then passed to the brain viaa series 
of electrical impulses in the axons of these 
neurons. Importantly, individual types of 
olfactory receptor neurons (ORNS) are not 
dedicated to sensing a particular odor. 
Instead, each ORN type can respond to mul~ 
tiple different odors (/). This confers an 
enormous coding capacity on the olfactory 
system, Thus, in order to identify an odor, 
the brain must decode a distributed pattern 
of impulses from a diverse population of 
receptor input 

My lab’s goal is to understand how the 
brain solves this problem. Our mission is 
simplified by the beautiful organization of 
the olfactory system: All the ORNs express 
ing the same odorant receptor gene project 
their axons to the same compartment 
(termed a glomerulus) in the brain (2). Each 
second-order neuron in the brain receives 
direct input from just a single ORN type 
Individual glomeruli thus represent discrete 
processing channels (see the figure, panel A). 
Glomeruli are also interconnected by local 
neurons, although the function of these lat- 
eral connections is not well understood 
Recently, we performed a series of experi- 
ments asking what computations occur 
within an individual processing channel 
and how lateral connections contribute to 
these computations. 

These questions are technically difficult 
to address in the vertebrate olfactory bulb. 
Therefore, we tumed to the fruit fly 
Drosophila melanogaster. The fly antennal 
lobe shares the basic organization of the 
olfactory bulb, but is comparatively simpler, 
with only ~50 glomeruli as compared to 
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~1000 in mice (3, 4). 
We can genetically label 


Eppendorf and Science are pleased to 
present the prize-winning essay by Rachel 


The olfactory circuit in fruit fies is mapped 
‘out by combining genetic tools with in vivo 
measurements of neural activity. 


as information moves 
through the antennal lobe. 


neurons that are cither Wilson, the 2007 winner of the Eppendorf We recorded odor respon 
Pre- oF postsynaptic to and Science prize for Neurobiology. ses in vivo from both 
specific glomeruli, allow- ORNs and second-order 
ing us to monitor activ~ eppendort peurons (crmed projec: 
ity in identified cells. In & Science _ tion neurons, or PNs; see 
collaboration with col- PRIZE FOR the figure, panel A) 
leagues at the California NEUROBIOLOGY corresponding to seven 


Institute of Technology, 
recently developed tech- 
niques for making clectrophysiological re- 
cordings from single neurons in the adult 
Drosophila brain in vivo (5). This allows 
us to exploit the sensitivity of electro- 
physiological recording techniques in a 
simple and genetically tractable invertebrate 
nervous system. 

First, we asked what computations occur 


different glomeruli, We 

found that, for each glo- 
merulus, the odor responses of PNs differ 
from the responses of their presynaptic 
ORNs, Whereas ORNs are somewhat nar- 
rowly tuned to odors, PNs are more broadly 
tuned. This distributes odor representations 
more efficiently within a PN’ dynamic 
range (see the figure, pane! B). We also 
found that, on average, the signal-to-noise 
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Decoding olfactory signals. (A) Recording from ORNs and their cognate PN. Unlike the situation in this 
‘simplified cartoon, each glomerulus contains the axons of ~40 ORNs and the dendrites of about four PN. (B) 
PN responses differ from the responses of their presynaptic ORNs. Plot shows the responses of ORNs and PNS 
corresponding tothe same identified glomerulus (glomerulus DAK). Each black circle represents the response 
to a diflerent odor, averaged across experiments (SEM). Projecting the data onto each axis (white circles) 
illustrates that odor responses are distributed more uniformly in PN coding space than in ORN coding space. 
[Panel reproduced from (6] (C) Silencing one type of ORN in order to observe lateral inputs onto is posty- 
naptic PNS. (D) Confining ORN input to one glomerulus in order to map its lateral inputs onto other glomeruli. 
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ratio of a PN’s odor responses is better than 
that of an ORN’s responses. Finally, we 
showed that these two transformations toge- 
ther can increase the separability of odor 
representations (6). 

In these experiments, we focused on neu- 
rons responsive to “typical” odors (fruity 
‘odors, plant volatiles, and other odors repre- 
sentative of major chemical classes). Next, 
we asked whether odors with special behav- 
ioral relevance are processed in the same 
‘way as the “typical” odors. Other investiga- 
tors had previously reported that one type of 
neuron in the antennae responds to cis-vac~ 
cenyl acetate, a Drosophila pheromone (7, 
'8), We found that these ORNs are very nar- 
rowly tuned, responding to this pheromone 
bbut not to any other odors in our test set. In 
behavioral experiments, we found that 
genetically ablating these ORNs abolishes 
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innate attraction to the pheromone, When 
we recorded from PNs postsynaptic to the 
glomerulus targeted by these ORNs, we 
found that, like their direct presynaptic 
inputs, these PNs are very narrowly tuned to 
cis-vaccenyl acetate. Thus, these PNs are 
unusual: They are exclusively dedicated to 
one ligand, This special circuit may ensure a 
tight connection between a pheromonal 
stimulus and a hardwired behavioral 
response (9). 

Finally, returning to “typical” glomeruli, 
‘we asked how lateral connections shape PN 
odor responses. Here we exploited the fact 
that mutation of an odorant receptor gene 
silences all the ORNs that normally express 
that receptor. We reasoned that, by recording 
from a PN postsynaptic to silent ORNs, we 
could directly observe the effect of odor- 
evoked lateral inputs onto that PN (sce the 


. 1) The author of the prize-winning essay, Rachel Wilson, 


received her AB degree in chemistry from Harvard in 
1996, She began her training as @ neurophysiologist with 
‘Helmut Haas at Heinrich-Heine-Universitit in Diisseldorf 
and continued as a graduate student with Roger Nicoll at 
the University of California, San Francisco. In her gradu- 
‘ate work, she showed that endogenous cannabinoids act as 
retrograde messengers at hippocampal synapses. In 2001, 
she joined Gilles Laurent’s laboratory at the California 
Institute of Technology as a postdoctoral fellow. There, in collaboration with another 
postdoctoral fellow, Glenn Turner, she developed methods for performing whole-cell 
recordings from neurons in the adult Drosophila brain in vivo. In 2004, she joined the 
Department of Neurobiology at Harvard Medical School, Her laboratory uses small 
neural circuits to study fundamental principles of sensory processing. 


Finalist 


Marianne Hafting Fyhn, for her essay, “The Grid Map in the Brain.” Dr. Fyhn was 
born in Morehead City, North Carolina, USA, and grew up in Bergen, Norway. She did 
her undergraduate studies in biology at the Universities of Bergen, Oslo, and Tromso 
before completing her master’s thesis at the University of Tromso in 1999 with work in 
Aretic biology at Spitsbergen. In 2000 she started her graduate work in neurobiology at 
the Centre for the Biology of Memory under the supervision of Dr. May-Britt and Dr. 
Edvard Moser at The Norwegian University for Science and 

Technology, Trondheim. She performed in vivo recordings of 


spatially modulated neurons from the hippocampus and 
entorhinal cortex of freely behaving rats and discovered “grid 
cells,” which are neurons in entorhinal cortex with a remark- 
able hexagonal activity pattem. Since receiving her Ph.D. in 
2005, she has been a postdoctoral fellow at the Centre for the 


Biology of Memory. Dr. Fyhn isa hiking, mountaineering, and 
fishing enthusiast, She has two small children with whom she 


enjoys outdoor activities. 


For the full text of Dr. Fyhn’s essay and for information about applying for next year's 
awards, see Science Online at www.sciencemag.org/feature/data/prizes/eppendorf! 
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figure, panel C). Surprisingly, we found 
that lateral synaptic connections onto PNs 
‘are mainly excitatory. Control experiments 
showed that these connections exist in nor- 
mal flies, not just mutants. We then geneti- 
cally engineered flies where only one type of 
ORN is functional, and recorded from PNs 
postsynaptic to silent ORNs (see the figure, 
panel D) in order to map the pattern of con- 
nections from the functional receptors onto 
other glomeruli, This experiment showed 
that lateral excitatory connections are spa- 
tially widespread, heterogencous in strength, 
and obey connectivity rules that are stereo 
typed across flies (/0), At about the same 
time, another group independently discov- 
‘ered anew class of cholinergic local neurons, 
in the fly antennal lobe (17), suggesting a 
possible cellular substrate for the excitatory 
connections we had found, These lateral 
‘excitatory connections may contribute to broad 
PN tuning. Alternatively, they may serve to 
bring all PNs transiently closerto their spike 
threshold whenever one receptor type is acti- 
vated, thereby increasing their sensitivity. 

Taken together, our results show that a 
major transformation of olfactory signals 
‘occurs in the antennal lobe, and that inte 
gration across different glomerular char 
nels begins here, in the first relay of the 
olfactory system. More broadly, these stud- 
ies demonstrate the feasibility of decor 
structing a simple neural circuit using 
genetic tools combined with in vivo meas- 
urements of neural activity, Decades ago, 
experiments in an invertebrate model 
‘organism (the squid) yielded key insights 
into how nerve cells produce electrical 
impulses; these experiments in Drosophila 
illustrate how invertebrates are helping neu- 
roscientists bridge the conceptual gap 
between cells and circuits to understand the 
logic of neural computations. 
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AAAS NEWS & NOTES 


EDITED BY EDWARD W. LEMPINEN 


INTERNATIONAL 


AAAS Strikes Landmark Agreements 
to Build Long-Term China Engagement 


BELJING—With China emerging asa world 
research power, top AAAS officials and their 
‘Chinese counterparts signed a series of eooper- 
ative agreements that could serve as the founda- 
tion for future collaborations on a range of riti- 
cal science and technology issues. 

‘The 6-day trip to Beijing, Shanghai, 
and Hangzhou also included a confer- 
cence, organized by the China Association 
for Science and Technology (CAST) and 
AAAS, that brought together dozens of 
scholars and researchers from both 
nations to discuss scientific integrity and 
social responsibility. The meeting pro- 
Vided an opportunity to discuss efforts by 
both countries t address challenges that 
trouble the entire global research enter- 
prise, as well as some possible are 
future collaboration such as ethics educa 
tion and joint studies on specific cases 

‘The AAAS delegation, led by Chief 
Executive Officer Alan 1. Leshner, held 
substantive talks with some of China's 
mostsenior S&T leaders, including Min- 
ister of Science and Technology Wan 
Gang; Deng Nan, chief executive secre- 
tary of CAST; Lu Yongxiang, president 
of the Chinese Academy of Sciences 
(CAS); Shen Wenging, who serves both 
as vice president of the National Natural Science 
Foundation of China and 
chairman of the Shanghai 
Association for Science 
and Technology; and Yang, 
Wei, President of Zhejiang 
University 

Under one agreement, 
Project 2061, AAAS’: pio- 
neering science literacy 
initiative, will provide 
‘materials that can be trans 
lated and posted on the 
CAST Web site, Leshner 
and Lu signed a separate 
‘memorandum of understanding to select, rans- 
late, and distribute 33 high-impact papers from 
the past decade ofthe journal Science. 

Leshner and Deng also signed an over- 
arching agreement to seek collaborative proj- 
ects on a range of possible issues, including 
sustainability; public understanding of science 


Wan Gang, Minister 
of Science and 
Technology 
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and engineering; science education; and creat- 
ing S&T opportunities for women, 

“believe that CAST and AAAS have com- 
mon issues...and we're serving similar func- 
tions in our countries,” Deng said in talks before 
a signing ceremony. “I believe that allows us to 


From left to right: Alan |. Leshner,chiel executive officer of AAAS and 
executive publisher of Science; Sun Mengxin, deputy director-general 
{or international affairs at the China Association for Science and Tech- 
‘nology (CAST); Vaughan Turekian, AAAS chiet international officer; and 
‘Deng Nan, chief executive secretary of CAST 


have even more cooperation in the broader 
fields of science.” 

“Our organizations are similar and unique 
in their size and breadth of activities,” replied 
Leshner, who also serves as executive pub- 
lisher of Science. “Our collaboration has 
advantages not only for our countries, but also 
for the whole world....t's very important that 
we take every opportunity to collaborate on our 
‘common interests.” 

‘The new agreements and the ethics contfer- 
‘ence—resulting from months of trans-Pacific 
discussions—are landmarks in an ambitious 
new engagement between AAAS and the Chi 
nese S&T community. The journal Seienc 
published by AAAS, opened its first Chinese 
news office in Beijing this month, to be staffed 
by veteran correspondent Richard Stone. 
EurekAlert!, AAAS'S science news service, this 
‘month debuted a new Chinese-language portal 
to serve the nation’s journalists, researchers, 
businesses, and govemment. 


Leshner deseribed the China trip, from 24 to 
29 September, as “highly informative and 
extremely constructive.” The AAAS delegation 
also included Vaughan Turekian, AAAS chief 
international officer, and Tom Wang, AAAS 
director for international cooperation. Mark S. 
Frankel, director of AAAS's Scientific Free- 
dom, Responsibility and Law Program, played 
lead role in organizing the conference and in 
Beijing meetings with the Chinese Medical 
Association and the CAS Institute of Zoology. 

“We are in an ema of unprecedented global 
cooperation in science and technology 
cooperation that not only advances the 
underlying sciences, but also addresses 
some of the major global challe 
that we all face,” Turekian said, “The 
collaboration between Chinese and 
US, scientists, and in fact all members 
of the global science enterprise, will 
lead to more creative science and toch- 
nological developments that will 
improve people’ lives: 

‘The new engagement comes at a 
time of remarkable growth and emer- 
gence for China, Beginning some 2000 
years ago, it achieved monumental 
ibreakthroughs in astronomy, medicine, 
mathematics, and technology. Today, 
following 30 years of reform and op. 
ing to the West, its economy is soaring, 
Shanghai and Beijing have become 
major world centers for business, cul- 
ture, and tourism: next year, the nation 
will host the Summer Olympics, 

Before he moved into government, 
Chinese President Hu Jintao was a hydraulic 
engineer; today, the government's “Scientific 
Development Perspective” is a framework for 
addressing China's complex economic, environ- 
‘mental, and international challenges. 

To address climate change, the government 
in June announced plans to restructure the 
economy, promote clean energy technologies, 
and improve energy efficiency. China launched 
its first manned space mission in 2003; itis 
expected to send its first spacecraft to orbit the 
‘moon before year’s end. In July, he China Inter- 
net Network Information Center reported that 
162 million Chinese were connected to the 
‘Web: while that remains just a fraction of the 
nation’s 1.3 billion people, in the first half of 
this year, an average of 100 new residents per 
‘minute logged on forthe first time. 

According to CAST, China’s total invest- 
‘ment in research and development neatly tripled 
between 2000 through 2005. A 2006 report by 
the US. National Science Foundation (NSF) 
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called the R&D spending increases “unprece- 
dented for any country in recent memory” 

In the bilateral talks and at the 2-day 
AAASICAST conference: 


“China-US. Work- 


(+ Chen Sat-juan, vice chair of CAST; Laurel Baldwin-Ragaven, 
Henry R. Luce Professor of Health and Human Rights at Trinity 
College; and Shen Wenging, vce president of National Natural 


Science Foundation of China. 


shop on Scientists’ Social and Ethical Responsi- 
bilities"—Chinese science officials discussed 
{essons learned and new approaches they are tak- 
ing to address some of the challenges created by 
the dynamic growth oftheir scientific enterprise 
Participants on both sides shared their experi 
‘ences dealing with ethical lapses and other more 
serious misconduct resulting from this high- 
stakes environment. 

During their meeting, Leshner and 
‘Wan Gang, China's S&T minister, discussed 
their views on the role of increased science 
competition in developing strong science in 
bboth countries, as well as the pressures to suc 
ceed confronting students and researchers at 
every level 

Qian Yi, a professor and environmental sci- 
centist at Tsinghua University, described several 
ceases in which advanced students were caught 
in violations falsifying a C.Y,, falsely claim- 
ing authorship of a paper, theft of research data. 
In one case, she said, an accomplished young 
scholar committed an infraction because he 
‘was competing fora major academic prize. “He 
‘was trying to make himself perfect,” she said. 

Shen Wenging, vice president of the 
National Natural Science Foundation of China, 
said his organization created an ethics panel in 
1998, From that year through 2004, he said, the 
committee received an average of 92 complaints 
1 year and averaged about nine enforcement 
actions. in 2006, he said, 150 complaints gener- 
ated 50 disciplinary actions. 

Scholars and science policy experts in the 
US. delegation found the problems remark- 
ably similar to those at home. The conference 
demonstrated that integrity “has been recog- 
nized as a key national issue by the highest 
level of the Chinese science communities,” 
said William Y. Chang, director of the NSF 
Beijing office. 

Karen Holbrook, the former president of 
Ohio State University, added that she was 
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struck “by how very similar we are in our 
beliefS about the need forscience and scientists 
to demonstrate complete integrity in their 
\work—that it isa responsibility and implicit in 
the privilege of conducting scientific 
investigation.” 

Chinese S&T leaders and members 
of the AAAS delegation said the bud- 
dling relationship should lead to collab- 
‘oration ona variety of issues, including 
scholar exchange programs; science 
‘muscums and public engagement; and 
sustainability 

Creating opportunities for continu- 
ing engagement made the China trip 
“tremendously important” for both 
countries, Leshner said. “I believe it 
sends a very important signal to the 
rest of the global scientific community 
about our shared seriousness about 
these critical issues.” 


EDUCATION 


Black Colleges Event 
Explores Road to Success 


African-American undergraduate students 
often find a nurturing environment at histori- 
cally black colleges and universities but must 
make connections outside of these schools if 
they want to be successful researchers, educa- 
tion experts advised a gathering of the young 
scientists this month. 

Prominent researchers gathered at the 
National Science Foundation Historically Black 
Colleges and Universities Undergraduate 
Program (HBCU-UP) conference, held 4 to 7 
‘October and organized by AAAS, urged their 


soon-to-be-colleagues to get outside the class- 
oom as much as possible to experience the ri 
ors of areal-lfe science career, 

“Itis very important that young scientists 
connect into the larger scientific community by 
publishing, networking and getting internships, 
‘said Camille McKayle, National Science Foun 
dation Program Director for HBCU-UP. 
[Research] is not about staying within your 
‘own comfort zone, but rather stepping outside.” 

Students attending the meeting, one of the 
nation’s langest for African-American undergrad 
dae scientists, had many opportunities to step out 
of that comfort zone, including sessions where 
they were grilled on their research methods and 
participated in networking exercises among more 
than 700 students and faculty in attendance. 

Speakers also praised the job that HBCUs 
are doing to produce a new generation of 
minority researchers. In a written statement 10 
the group, Rep. Eddie Bernice Johnson (D-TX) 
said HBCUs provide a learning environment 
that allows students of color to Learn skills and, 
gain confidence to achieve in any environment, 
In 2000, HBCUs graduated 40% or more ofall 
African Americans who received degrees in 
physics, chemistry, astronomy, environmental 
sciences, mathematics, and biology, according 
to Johnson. 

The conference was arranged by AAAS with 
43-year, $975,000 NSF grant, but the organizers 
‘hope to find additional co-sponsors for the 2008 
meeting. “We had a long waiting list for 
exhibitors and heard over and over from profes 
sors that they wanted to bring more students but 
just did not have the travel money,” said Yolanda 
‘George, deputy director of Education and Human 
Resourves al AAAS, “Those are great signs, and 
‘we hope to harness that enthusiasm next year 

—Benjamin Somers and Molly McElroy 


2007 ELECTION 


AAAS Council Reminder 


‘The next meeting of the AAAS Council will take place during the AAAS Annual Meeting and will 
‘begin at 9:00.a.m. on 17 February 2008 in Boston, Massachusetts, in the Republic Ballroom of the 


Sheraton Boston Hotel. 


Individuals or organizations wishing to present proposals or resolutions for possible consider~ 
ation by the Council should submit them in written form to the AAAS Chief Executive Officer Alan 
Leshner by 19 November 2007. This wil allow time for them to be considered by the Committee 
‘on Council Affairs at their fall meeting. Items should be consistent with AAAS's objectives and be 
‘appropriate for consideration by the Council. Resolutions should be in the traditional format, 
beginning with “Whereas” statements and ending with “Therefore be it resolved.” 

Late proposals or resolutions delivered to the AAAS Chief Executive Officer in advance of the 
February 2008 Open Hearing of the Committee on Councit fairs will be considered provided that 
they deal with urgent matters and are accompanied by a written explanation of why they were not 
submitted by the November deadline. The Committee on Council Affairs will hold its open hearing 
‘at 2:30 p.m. on 16 February 2008 in the Commonwealth Room of the Sheraton Boston. 

‘Summaries ofthe Council meeting agenda will be available during the annual meeting at both 
the AAAS Information Desk and in the AAAS Headquarters office. Acopy ofthe full agenda will also 
bbe available for inspection in the Headquarters Office in the Hynes Convention Center. 
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AAAS Members Elected as Fellows 


In October, the AAAS Council elected 471 members as Fellows of AAAS. These individuals 
will be recognized for their contributions to science and technology at the Fellows Forum to be 
held on 16 February 2008 during the AAAS Annual Meeting in Boston. The new Fellows will 
receive a certificate and a blue and gold rosette as a symbol of their distinguished accomplish- 


‘ments, Presented by section affiliation, they are: 


Section on Agriculture, Food, 

and Renewable Resources 

Lajpat R. Ahuja, US. Department of Agriculture + 
J. Ole Becker, University of California, Riverside 
+ Henry Daniell, University of Central Florida * 
Mark B. David, University of llinois at Urbana 
Champaign + Peter J. Hansen, University of 
Florida+ Andrew Hiatt, Mapp Biopharmaceutical, 
Inc, « Zhanjiang Liu, Aubum University * Steven 
‘A, Lommel, North Carolina State University * 
Joyce Loper, U.S. Department of Agriculture * 
John M. Norman, University of Wisconsin- 
Madison + Jeflrey F. Pedersen, US, Department of 
Agriculture * Robert E, Sharp, University of Mis- 
souri-Columbia + David R. Shaw, GeoResources 
Institute * Richard Stouthamer, University of Cal- 
‘fornia, Riverside + Jeremy F. Taylor, University of 
Missouri-Columbia + Barbara Valent, Kansas 
State University + Robert Zeigler, International 
Rive Research Institute 


Section on Anthropology 
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(CREDA. C BCKEL 1 RRAUSE AND 4 NEWRILD/SCINCE 


INTROBU ET: on 
Decisions, Decisions... 


WHO HASN'T AGONIZED OVER A MAJOR DECISION IN LIFE, WHETHER TO 
accept a job offer, move house, or pethaps switch research fields? We are 
confronted with a multitude of decisions on a daily basis. Many decisions are trivial 
and can be dealt with in seconds. However, others may have wider ramifications 
and can be excruciatingly complicated. In the past few years, our understanding 
of the underlying processes of decision-making has progressed markedly. This, 
neuroscience special issue highlights some of the most exciting developments 
in this area, 

Koechlin and Hyafil (p. $94) review recent experimental studies that provide 
new insights into the function and connectivity of the anterior prefrontal cortex, 
which forms the apex of the executive system underlying decision-making, The 
authors propose an original model ofthe anterior prefrontal function and provide 
4 theoretical framework for addressing major unresolved issues and guiding 
future research on decision-making and higher cognition, 

Human beings are highly social animals. Many of our decisions make sense 
only within a social environment. Sanfey (p. 598) outlines the advantages that can 
be gained by combining tasks and formal mathematical models from game theory 
with modern neuroimaging methods to characterize the processes that underlie 
social decision-making. He also summarizes recent research that offers good 
examples of how this neuroeconomic approach has already begun to illuminate 
our knowledge of this process. 

‘Sometimes things can also go wrong in this complicated and well-balanced 
interplay between several brain regions. Paulus (p. 602) proposes that decision- 
making in psychiatric populations cannot be viewed simply as an alteration of 
the preference structure or the way individuals experience the outcome of the 
decision. Instead, it must be understood from the homeostatic balance perspective 
of the individual. Increased risk-taking behavior in drug addicts, for example, 
although maladaptive in the generic sense, may actually be adaptive for the 
substance userin a complex, highly unpredictable environment while attempting 
to respond to internal urges and cravings. 

Decision theory has boomed in the past decade. Karding (p. 606) gives an 
overview of how decision theory, including normative Bayesian approaches, can lead 
sto better understand the functions of the nervous system. 

‘At Seience’s Signal Transduction Knowledge Environment (http://stke. 
‘sciencemag.org), the emphasis is on the “decisions” made by cells. A Perspective 
byCoskuner al. concerns the role of the tyrosine phosphatase SHP2 in the decision 
of a progenitor to become a neuron or a glial cell. Another by Nichols discusses the 
role of ATP-sensitive potassium channels in linking metabolism with excitability, 
highlighting the effects of a ketogenic diet on the decision of a ncuron to fire. 

‘Youwill now have to decide whether totum the page and read all the contributions 
in detail, quickly flick through the section, or skip italtogether. 

— PETER STERN: 


SPECIALSECTION 


Decision- 
Making 


CONTENTS 


Reviews 
594 Anterior Prefrontal Function and the 


Limits of Human Decision-Making 
E-KoechlinandA Hyafl — 


598 Social Decision-Making: Insights from 
Game Theory and Neuroscience 
AG Sanfey 
602 Decision-Making Dysfunctions in 
Psychiatry—Altered Homeostatic 
Processing? 
MP Paulus 
606 Decision Theory: What “Should the 
Nervous System Do? 
K Keding 
See oso rlated dtr page 523; News story by Mile: 
Sec Expres reports by MJ. Frank etal. and 
A Mansour etal; Science ' STE materia on page 527 er 
ot Npsrwnm cencerea ercertfeconnaking! 


Science 


wwwsciencemag.org SCIENCE VOL318 26OCTOBER 2007 


593 


594 


Decision-Making 


REVIEW 


Anterior Prefrontal Function and the 
Limits of Human Decision-Making 


Etienne Koechlin* and Alexandre Hyafit 


‘The frontopolar cortex (FPO), the most anterior part of the frontal lobes, forms the apex of the 
executive system underlying decision-making. Here, we review empirical evidence showing that the 
FPC function enables contingent interposition of two concurrent behavioral plans or mental tasks 
according to respective reward expectations, overcoming the serial constraint that bears upon the 
control of task execution in the prefrontal cortex. This function is mechanistically explained by 
interactions between FPC and neighboring prefrontal regions. However, its capacity appears highly 
limited, which suggests that the FPC is efficient for protecting the execution of long-term mental 
plans from immediate environmental demands and for generating new, possibly more rewarding, 
behavioral or cognitive sequences, rather than for complex decision-making and reasoning, 


lobes, ranging from the simplest choice, 
for example, choosing an apple ora pear 
from a fruit basket, to the most complex. ones 
like deciding the next move in a game of chess. 
Decision-making is subserved by a hierarchy of 
lateral frontal cortex regions controling action 
selection in relation to intemal drives and subjec- 
tive preferences, the apex of which corresponds 
to the lateral convexity of the cyto-architectonic 
‘area defined as Brodmann’ area 10, the so- 
called frontopolar cortex (FPC) (Fig. 1A) (/). 
‘The FPC is tremendously well developed in 
‘humans compared with other primates (2), and 
‘brain imaging has provided evidence that it con- 
Iributes 10 uniquely human traits like reasoning 
or problem-solving. However, the FPC is not a 
homuncular command center responsible for 
“orchestrating cognition in lower brain regions. 
Patients with EPC lesions show no significant 
impairments on formal neuropsychological tests 
of perception, language, and intelligence but ap- 
pear markedly impaired in decision-making in 
‘open-ended and illstructured situations, which 
oflen occur in everyday litt (3). These observations 
suggest that the FPC has evolved as a functional 
“add-on,” perhaps to overcome the limitations 
‘of more posterior prefrontal processes by en- 
bling the emergence of more flexible cognitive 
‘control in the service of decision-making. 

‘The characterization of FPC function is a 
‘major issue in current cognitive neurosciences, 
‘not least because it has the potential to reveal an 
"upper bound to human executive function. Here, 
‘we review recent brain imaging studies that 
provide important new insights into FPC func- 
tion, The FPC enables contingent interposition 
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‘of multiple mental tasks or behavioral plans, 
the function that allows humans to overcome 
the serial constraint upon control processes 
evident in more posterior prefrontal regions 
(@). We describe a simple ncurocomputational 
‘model delineating the basic computational prop- 
erties of this FPC function and explaining its 
mechanistic implementation in neuronal interac- 
tions between FPC and neighboring prefrontal 
regions 


FPC Contributions to Human Cognition 
Learning and exploration. The FPC is robustly 
engaged when subjects are instructed to leam 
new behavioral routines (5-7), This engagement 
is observed in both reinforcement (5, 7) and su- 
pervised (6) leaming paradigms, indicating that 
the FPC contributes t explicit leaming regand- 
less of the type of leaming ar feedback. However, 
in contrast to more posterior prefrontal regions, 
the FPC gradually disengages over the course of 
leaming (6). This disengagement occurs as sub- 
jects switch back and forth between altemative 
behavioral options (exploration), drawing upon 
feedback 10 progressively eliminate imelevant 
choices. Indeed, to a greater extent than other pre- 
fiontal regions, FPC activity specifically comelates 
with the amount of uncertainty (ie., entropy) re- 
‘maining between multiple putative options that 
subjects are simultancously tracking (8) (Fig. 
1C). Moreover, FPC is active whenever subjects 
depart from an a priori optimal option to check 
altemative ones (9). Thus, the FPC contribution 10 
caming and exploration appears to be asso- 
ciated with maintaining and switching back and 
forth between multiple behavioral altematives in 
search of optimal behavior. 

Memory retrieval. The FPC is also engaged 
in episodic memory tasks, in which subjects are 
instructed to judge whether multiple serially 
presented stimuli have been previously en- 
countered in specified past episodes (/0). The 
FPC is generally involved in such episodic re- 


‘wieval paradigms regardless of the nature of past 
‘episodes and stimuli rarieval success, of stimulus 
novelty (J), The FPC is tonically active during 
retrieval (/2), in. preparation for subsequent 
‘retrieval (/3) and also in response to probe stimu 
1i that occur less frequently (/4). The involve- 
ment of the FPC thus cannot be accounted for 
‘by memory retrieval per se but is likely to be 
accounted for by the task structure requiring 
scheduled retrieval of multiple elements of a 
‘past cpisode. This view has recently received 
direct experimental support: FPC activity in 
episodic retrieval tasks is virtually identical to 
that underlying categorization tasks that re- 
{quire @ combination of multiple cognitive sub- 
tasks (/5, 16). Thus, FPC activations observed 
in episodic retrieval paradigms are likely to 
result ffom the coordination of subtasks involved 
in those paradigms, including the recument r= 
tricval of multiple elements of past episodes and 
the demands of the judgment task pertaining to 
‘each stimulus. 

Relational reasoning. The FPC is involved 
in relational reasoning, in which subjects are re- 
‘quired to integrate the outcomes of multiple ine 
ferences for selecting appropriate responses, This 
‘has been observed far various types of inferences, 
including perceptual (/7, 18) and semantic (19) 
inferences. More generally, the FPC is engaged 
whenever subjects must integrate the outcomes 
‘of multiple intemal subtasks, for example, when 
deciding whether multiple items share the same 
property (15, 16) or, conversely, whether a single 
item jointly exhibits multiple properties (20). Is 
the FPC active only at the final integration stage, 
‘when multiple outcomes are combined (0 reach a 
decision (J), oF does the FPC underli the passit 
‘of information between successive computation- 
al stages in the service of eventual integraio 
Recent experimental results rule out the former 
hypothesis (2/), because FPC activity was ob- 
served even in the absence of a final integration 
stage, and the FPC exhibited sustained activa- 
tions in the intermediate phase preceding final 
integration. Instead, in relational reasoning, the 
FPC allows the buflering of information from 
previously executed subtasks while subsequent 
stages are being carried out. 

‘Multitasking behaviors. Finally, the FPC is 
robustly engaged in multitasking behaviors, in 
‘which subjects postpone the execution of one 
task to perform another first (22). Multitasking 
recruits the most anterior regions in the FPC 
(23) (Fig. 1B) and is selectively and severely 
altered in patients with FPC lesions (24), More- 
‘over, unlike other prefrontal regions, the FPC 
involvement in multitasking is not reducible to 
‘component processes such as task-switching ot 
task-delaying (22). The FPC specifically exhib- 
its sustained activations associated with post- 
pponed tasks that resist distraction and ongoing 
performance regardless of the nature of tasks 
(25, 26). Task contingency underlying multitask- 
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ing behaviors is also a key factor in activating 
the FPC, given that itis not engaged during the 
execution of structured superordinate plans com- 
posed of multiple embedded tasks (27). Overall, 
these findings indicate that the FPC specifi- 
cally subserves the ability to contingently switch 
back and forth between independent tasks by 
‘maintaining distractor-resistant representations 
‘of postponed tasks during the performance of 
another 


The Core Function of the FPC 
‘The lateral prefrontal regions are involved in 
selecting and maintaining action selection rules 
(se, task sets) according to the immediate con- 
text and/or the ongoing temporal episode in 
‘which the person is acting (28). This lateral pre- 
frontal system obeys a serial principle, which 
allows only a single task set to govem action se- 
lection at any one time (4), Such a serial con- 
straint minimizes conflict situations that may arise 
between multiple task sets and thus optimizes 
action selection. The FPC overcomes this serial 
constraint by enabling the joint consideration of 
‘multiple task sets in a wide variety of behavioral 
paradigms, Collectively, the data depicts an an- 
terior prefrontal system in which lateral pre- 
frontal regions select and maintain the task set 
‘goveming ongoing action, whereas the FPC en- 
ables previously selected task sets 1 be main- 
tained in a pending state for subsequent automatic 
retrieval and execution upon completion of the 
‘ongoing one, This process, which we call “cog- 
nitive branching,” forms a domain-general core 
function atthe basis of the behaviors and mental 
activities requiring simultancous engagement in 
‘multiple tasks that are not serially organized into 
single, pre-established superordinate plan (27) 

Accordingly, the branching process enables 
4 task oF a behavioral episode to be temporarily 
suspended while another is being performed, oF 


— 


A 


Fig. 2. The human frontopolar cortex. (A) The FPC corresponds to the 
lateral Brodman’s area 10 (red region), the most rostral portion of the 
human prefrontal cortex {from (35)]. (B) FPC activation observed with 
functional magnetic resonance imaging (MRD on a horizontal brain slice 
(dashed line indicates approximate localization) in multitasking behavior, 
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conversely allows reversion to a pending task or 
episode following completion of the ongoing 
‘one, even in the absence of any extemal cues. 
Such an ability is especially impaired in patients 
with frontopolar lesions (24). Moreover, the 
branching process is critical for relational rea- 
soning, because the maintenance of pending task 
sets associated with previously computed infer- 
ences during subsequent inferential tasks (and 
reverting back to such pending representations) 
is required for integration. For example, in the 
calculation (2 +4) * (5 ~7), the first addition is 
computed (= 6), then the operand task-set 6 is 
maintained in a pending state while the second 
addition is computed (~ 12), Then, reverting 
back to the pending operand will cue the multi- 
plicative operation 6 * 12, leading to the final 
result (~ 72) (21). The branching process is also 
‘critical for exploration and tree-search because it 
allows switching in and out of “branches” or 
behavioral options while maintaining others that 
are pending (9) (8). Although episodic memory 
retrieval presumably does not require branching 
processes, it is likely that cognitive branching is 
engaged in a series of multiple, concument re- 
trieval tials. The branching process may be 
involved in performing the judgment task per- 
taining to each trial while maintaining specified 
Past episodes in a pending state so as 1 inter 
nally retrieve them subsequently. for preparing 
the next memory judgment trial. Also, episodic 
‘or “source” memory may require subjects to 
hold data in a pending state and switch between 
the putative episodes with which the retricval 
probe could have been associated. Finally, com- 
pared with more posterior prefrontal processes, 
the key feature of branching processes is 10 
enable resumption of pending task sets in the 
absence of any extemal cues or associations 
between the ongoing and pending task sets, so 
that the execution of pending task sets is only 
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triggered by termination of the ongoing task. 
Consequently, when contingency, uncertainty, 
‘or entropy over task sets decreases—for ex- 
ample, when serial associative links develop 
among, several tsk sets because of training o¢ 
simply when the number of posible task sets 
shrinks—the need for branching processes de- 
‘ereases and the FPC is expected to disengage, In 
agreement with this hypothesis, the FPC disen- 
‘gages whan contingency, uncertainty, oF entropy 
‘over multiple task sets decrease during leaming 
(6), exploration (8), or multitasking (27) (Fig. 1C). 
Thus, the branching hypothesis accounts for the 
FPC involvement in a wide varity of behavioral 
‘paradigms, which suggests that cognitive branch- 
ing forms core function of the FPC. This function 
substantiates the more phenomenological view 
that the FPC plays a pivotal role in switching bo- 
tween extemally versus intemally oriented thoughts 
(3) (supporting online text) 


‘A Neurocomputational Model 

‘of FPC Function 

remains to be described how the anterior pre~ 
frontal system “decides” to place an ongoing 
‘task into a pending state andl to revert back to it 
later. This is a key theoretical issue, given that 
the FPC is not under the control of higher brain 
centers. The FPC is specifically engaged when 
subjects suspend the execution of an ongoing 
task set associated with a priori the largest ex 
pected future rewards in onder to explore a pos 
sibly more rewanding task set (9), ‘The result 
suggests that with no supervisory optimization, 
‘cognitive branching occurs between Wo con- 
‘current behavioral options, when reward expec 
tations associated with each option (or expected 
penalties if not executed) are large enouigh so 
that it would be to0 costly oF risky to simply 
abandon one. In that event, comparing the re- 
wards expected from executing each option 


ic as 
: 


Entropy remaining between multiple putative 
‘behavioral options (bits) 


in which subjects postponed the execution of a task to perform another 
first [from (271]. (C) fMRI also revealed that FPC activity correlated with 
the amount of uncertainty (ie., entropy) remaining between multiple 
putative behavioral options that subjects were simultaneously tracking 
while exploring a virtual maze [from (8)]. 
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immediately will determine which option is placed 
in a pending state (the less rewarding one) and 
which one is selected for guiding immediate 
behavior (the more rewarding one). We proposed 
8 minimal neurocomputational model. showing 
hhow the FPC (denoted Fre) may mechanistically 
implement reward-based cognitive branching 
‘with no supervisory optimization through inter- 
actions with neighboring prefrontal regions, 
namely, the anterior lateral and mediavorbital 
prefrontal regions (denoted Lpe and Ofe, respec- 
tively) (29) (Fig. 2 and supporting 
online text). In accordance with 
empirical results (28, 30, 31), the 
model assumes. that Zpe neurons 
represent the active task set guiding 
current behavior, that is, ative Lpe 
‘units through top-down projections 
select and maintain task-set specifi- 
cations represented in other brain 
regions and required for execution 
(ypically caudal prefrontal regions), 
‘whereas Ofe neurons code for the 
future rewards expected fiom exe~ 
ceuting task sets. Lpe and Ofe neu- 
‘rons are reciprocally connected and 
receive input signals from other 
brain regions (typically posterior 
associative and paralimbie cortices) 
‘cueing activity toward specific task 
sets and updating expected future 
rewards, By contrast, Fpe neurons 
are reciprocally connected to Lpe 
and Ofe neurons only, with an in- 
hibitory influence of Lpe onto Fp: 
‘neurons, Overall, according to re 
\ward expectations, Frc units form 
4 possible back-up buffer for stor- 
ing a previously selected task set in 
c, while Lpe units are represent 
ing another. Subsequently, the Fre 
buffer enables to possibly reinstan- 
tite in Lpe the pending task set 
and consequently to reinstantiate 
its specifications in lower brain re= 
‘gions for execution, even in the ab 
sence of any external inputs, 
‘Computer simulations show that 
this neuronal system forces Lpe and 
Fpe neurons 10 potentially select 
and maintain only the two most re= 
‘warding task sets. The other task sets ane dis- 
carded. Cognitive branching occurs betwean the 
‘wo most rewarding task sets, provided that the 
second largest expected reward is larger than 
siven threshold Rb (Fig, 3 and fig. $1). The most 
and second-most rewarding task sets are then 
selected and encoded in Lpe and Fpe neurons 
as the active and pending task set, respectively 
(Fig. 3, C and D). Consistent with experimental 
data (25), Lpe and Fpe neurons show sustained 
activation during the pending period. This situa- 
tion perpetuates (or possibly reverses acconding 
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to updated relative reward values) until one ex- 
pected reward value drops below threshold 
Rb (e.g... because of task completion). If this 
value corresponds to the active task set, Lpe 
neurons start encoding the pending task set 
and Fe activity retums to background noise 
level: the active task set is discarded and the 
pending task set becomes the active one for 
guiding subsequent behavior, thereby achiev- 
ing a branching between the two task sets 
(Fig. 3C). Conversely, if the value come- 


Fig. 2. A neurocomputational model of the frontopolar function. Octagons 
‘epresent neuronal populations in the lateral prefrontal (lp), mediaVorbital 
frontal (Ofc), and frontopolar (Fpe) cortex. Green and red arrows indicate 
‘excitatory and inhibitory interactions, respectively. Strong lateral inhibition 
within pc and Foc enforces task-set selection; strong self-excitation (not 
shown) enables task-set maintenance in the absence of any external inputs. 
By contrast, weak lateral inhibition and sel-excitation within Ofc enables Ofc 
‘neurons to maintain reward expectations related to multiple task sets, but 
‘only those corresponding to the task sets maintained in Lpc and Foc. All 
interactions between Of, tpc, and Foc neurons are excitatory except the 
influence peste by 10 00 pc ees SS eed lee 


ctstaied, Neoten acidty 1s govemed by standard actwaton dynamics 
‘equations (supporting online text). 


sponds to the pending task set, this one is dis- 
‘carded from the Fpe and branching is aborted 
(Fig. 3D). Also, no branching occurs if the 
second-largest expected reward does not reach 
the reward threshold Rb (Fig. 3, A and B). In 
that event, no sustained activity occurs in Fpe 
neurons during the execution of the most 
rewarding task set. The second-most rewarding 
task set is discarded, and the system docs not 
revert back to it in the absence of any sub- 
sequent external cueing. However, consistent 
with experimental data (32), Fc neurons may 


(Caudal pretrontal regions 


‘exhibit short phasic responses to extemal cues 
associated with multiple task sets (Fig. 3D). 

In sum, the second most rewarding task is 
placed in a pending state in the FPC, while 
lateral preffontal regions are controlling the 
‘execution of the most rewarding task, provided 
that the future rewards expected from the (wo 
task sets are large enough (RA), Thus, cogni 
tive branching occurs and FPC is recruited with 
10 supervisory optimization and control, be- 
‘cause it would have been too costly to discard 
the second most rewarding task 
as suggested by empirical results 
(9), The model indicates that the 
reward threshold Rb for branching 
and recruiting FPC is larger than 
the minimal expected reward (Ra) 
required for triggering task exe- 
ution and recruiting lateral pre- 
frontal regions (Fig, 3 and fig. S1). 
‘The mode! also shows that reward 
expectations associated with the 
setive and pending task sets are 
continuously updated with respect 
to feedback signals related to cur 
rent behavior. In particular, if re- 
ward expectations associated with 
the pending task set drop below 
the reward threshold Rd for branch 
ing, cognitive branching is aborted 
and the pending usk set is: dis 
carded, This predicts thatthe anterior 
prefrontal system enables online eval 
uation of the pending task set. ac- 
cording 10 the outcomes ofa distinct, 
ongoing task, an ability referred to 
as the valuation of fictive action that 
may considerably speed up learning 
sand exploration (33). 

This model does not aim to de- 
seribe in detail neural coding of task 
sets in the anterior prefrontal regions. 
Nevertheless, it explains how the 
processing of cognitive brane! 
‘may mechanistically emerge from 
nnauronal interactions between FPC 
and neighboring prefrontal regions. 
The model provides a predictive 
thooretical framework within which 
we can empirically address several 
unresolved major issues about the 
FPC function and its relationships with other 
‘prefrontal functions, including the processing of 
internal drives and subjective preferences in the 
medial and orbital sectors of the prefrontal cortex 
(30, 31), 

In particular, a key prediction is that the 
‘capacity of the FPC cannot exceed the process- 
ing of a single pending task at any one time: 
According to the model, the anterior prefrontal 
system can process only the two most reward 
ing task sets, even if they are associated with 
identical expected reward values, Interferences 


wawwsciencemag.org 


supervene in Fe, when three or more distinct 
task sets are associated with the two largest 
‘expected reward values, in which case cognitive 
branching is dramstically impaired (supporting 
‘online text, fig. S2). Thus, the model especially 
predicts that the FPC is unable to recursively 
perform cognitive branching—resuming a pri- 
‘mary and secondary pending task after com- 
pletion of a thind task—because interferences 
supervene between the two pending tasks. This 
prediction has been recently tested in our lab- 
‘oratory in a behavioral protocol that recruits 
the FPC and requires subjects to engage in 
multitasking behaviors, Our data confirm the 
prediction, We observed that compared with 
various control conditions, postponement of & 
‘second task to execute a third task while a first 
was already pending led to marked selective 
impairment in subsequently resuming the first 
and second pending tasks. Thus, the model and 
these preliminary results support the idea that 
the prefrontal executive system lacks the com 
‘putational power to perform recursive cognitive 


branching, and consequently to control recur- 
sive tree-searches in the exploration of deep 
branching sets of future possible situations 
underlying reasoning, problem-solving, or com- 
plex decision-making. 

This predicted, rather limited capacity of the 
FPC may appear surprising, given that humans 
can indeed camry out such complex decision- 
making. However, a complex decision situation 
may become tractable as expertise with a par- 
ticular situation is acquired, reducing uncertainty 
‘and contingency during exploration. One possi- 
ble hypothesis is that extensive training leads 10 
the formation of mental spatial maps of branch- 
ing sets, so that with expertise, recursive tee- 
searches reduce to spatial navigation, which 
relies on specialized brain structures like the 
parietal cortex and hippocampus, Altematively, 
the property of recursion is a key feature of 
human language (34), and it is conceivable that 
expertise may lead 10 the formation of specific 
Janguage-ike coding systems mapping particu- 
Jar tre-structures and allowing to trick complex 
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‘and recursive exploration, Thus, the FPC ca- 
pacity limit described above implies that complex 
decision-making in well-established situations 
does not critically rely on FPC, Consistently, 
frontopolar patients show few decision-making 
deficits in well-established situations such as 
standardized tests of intelligence, although they 
‘are impaired in open-ended and. illstructured 
situations (3). 


Concluding Remarks 
(On the basis of recent empirical findings and 
neurocomputational mechanisms, we suggest 
that the processing of cognitive branching based 
‘on reward expectations with no supervisory op- 
timization forms the core function of the anterior 
prefrontal cortex. This function partially over 
‘comes the serial constraint that bears upon the 
‘control of mental tasks in the lateral prefrontal 
cortex, providing an additional degree of flex- 
ibility 10 the prefrontal executive system, w 
may be efitical for the emergence of human 
higher cognitive abilities such as reasoning and 


c D 


43 ta fh we lean 
B ’ ’ = ven 
j 
% mo Oo CJ eo 0 oe wo oO 40 ‘800 
SS (ad A ad WES 


Fig. 3. Phase diagram and activation dynamics in the frontopolar model. 
Task sets are cued by an external cue, C, at time 0. (Left) Phase diagram 
showing different model behaviors according to the reward value (R1 and R2) 
expected from the two most rewarding task sets, TL and T2, once cue C 
‘occurs. R1and R2 remain unchanged until the occurrence of feedback signals 
X1 and X2, respectively. The phase diagram exhibits two reward thresholds, 
Ra and Rb, delimiting five regions with distinctive behaviors. The phase 
diagram is symmetrical, so that we describe only the regions where R1 > R2. 
(Right) (A,B, C, and D) show typical time courses of Fc, Ofc, and Lpc neuron 
activity for each region corresponding to values R1 and R2 shown on the 
phase diagram (points A, B, C, and D in the left panel). Horizontal and 
Vertical axes represent time and neuron activity, respectively. Blue and red 
lines show neuron activity coding for T1 and 12, respectively. (Purple region) 
1 and R2 are not large enough (<Ra) for the network to select and encode 
any task sets. No tasks are executed. (Blue region) R2 is not large enough 
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(Rt), and no branching occurs. Only the most rewarding task set, T2, is 
encoded in Upc for quiding current behavior (active statu). All other task sets 
are discarded. In (A) and (B), expected reward R1 drops below Ra once 
feedback X1 occurs, terminating T1 execution. T2 remains unselected after TL 
termination, although R2 becomes larger than R1 (a new external cue would 
be required for selecting T2). Note in (8) the phasic Foc response to cue C, 
because Rl and R2 ate close to threshold Rb. (Cyan region) R2 is large 
‘enough (>86) so that T2 is encoded in Foc and placed in a pending state, 
whereas T1 is encoded in Lc for guiding current behavior. (C) Expected 
‘reward RA drops below Rb once feedback X1 occurs, whereas R2 is still above 
Rb. T1 is terminated and automaticaly replaced by T2 in Lpc for guiding 
subsequent behavior. Cognitive branching has occurred. (D) AS in (Q, except 
that R2 drops below Rb before R1 0k2 occurs before XA). AS a result, the 
pending task set, T2, is discarded from the Foc. T1 remains the active task set 
‘guiding behavior. Cognitive branching is aborted. 
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problem-solving, However, we suggest that the 
FPC function is restricted to the processing of 
simple cognitive branching, whereby only a 
single task can be maintained in a pending state 
at any one time. This hypothesis places severe 
serial and recursive constraints on human rea- 
soning, problem-solving, and complex decision- 
‘making. Consistent with this view, it appears 
unlikely that the human brain has evolved to 
solve complex problems such as deciding the 
next move in a game of chess. Selective pres- 
sure (o survive in a physically challenging envi- 
ronment may place other demands before the 
need for such higher cognitive faculties. Never- 
theless, a capacity-limited FPC function may 
hhave endowed humans with two key adaptive 
advantages: on the one hand, an ability to pur- 
sue long-term behavioral plans and atthe same 
time respond to demands of the physical or 
social environments; on the other hand, 10 ex- 
plore any potential gain from the interposition of 
‘new task sets within ongoing behavioral routines 
‘or from the contingent recombination of previ- 
‘ously established behavioral plans, as in genetic 
recombination mechanisms. Thus, the frontopo- 
lar cortex may have played an even more critical 
role in the gradual formation of complex be- 
hhavioral and cognitive routines such as tool use 
in individuals and societies, that is, in. human 
creativity rather than complex decision-making 
and reasoning. 
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REVIEW 


Social Decision-Making: Insights from 
Game Theory and Neuroscience 


Alan G. Sanfey 


By combining the models and tasks of Game Theory with modem psychological and neuroscentifc 
methods, the neuroeconomic approach to the study of social decision-making has the potential to 
‘extend our knowledge of brain mechanisms involved in social decisions and to advance theoretical 
‘models of how we make decisions in a rich, interactive environment. Research has already begun to 
illustrate how social exchange can act directly on the brain's reward system, how affective factors play 
‘an important role in bargaining and competitive games, and how the ability to assess another's 
intentions is related to strategic play. These findings provide a fruitful starting point for improved 
‘models of social decision-making, informed by the formal mathematical approach of economics and 


constrained by known neural mechanisms. 


tur lives consist of a constant stream of 
decisions and choices, from the everyday 
(will T respond to this e-mail?) to the 
ighly consequential (will I have a child”), Es- 
sentially, the study of decision-making attempts 
to understand our fundamental ability to process 
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‘multiple altematives and to choose an optimal 
course of action, an ability that has been studicd 
by various disciplines with different theoretical 
assumptions and measurement techniques, al- 
though with atively litle integrsticn of findings. 

The emergence of an interdisciplinary field, 
popularly known as neuroeconomics (/, 2), has 
begun to redress this lack of integration and 
‘offers a promising avenue to examine decision- 
‘making at different levels of analysis. Its propo- 


nents seck to better understand decision-making 
‘by taking into account cognitive and neural con- 
‘straints, as investigated by psychology and neuro- 
science, while using the mathematical decision 
models and tasks that have emenged from 
‘economics, 

Most experimental studies of decision- 
making to date have examined choices with 
clearly defined probabilities and outcomes, such 
as choosing between monetary gambles. Given 
that we live in highly complex social environ 
ments, however, many of our most important 
decisions are made in the context of social inter- 
‘actions, which are additionally dependent on the 
concomitant choices of others—for example, 
when we are deciding whether to ask someone 
‘on a date or entering a business negotiation. Al- 
though relatively understudied, these socal stua- 
tions offer a useful window into more complex 
forms of decisions, which may better approxi 
‘mate many of our real-life choices. 

AS part of the neuroeconomic approach, 
researchers have begun to investigate the psy- 
chological and neural comelates of social deci- 
sions using tasks derived from a branch of exper- 
imental economics known as Game Theory. 
These tasks, though beguilingly simple, require 
sophisticated reasoning about the motivations of 
other players. Recent research has combined 
‘these paradigms with a variety of neuroscientific 
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‘methods in an effort to gain a more detailed pic- 
ture of social decision-making. The benefits of 
this approach are twofold. First, neuroscience can 
describe important biological constraints on the 
processes involved, and indeed, research is re- 
‘vealing that many of the processes underlying 
complex decision-making may overlap with more 
fundamental brain mechanisms, Second, actual 
vision behavior in these tasks offen does not 
conform to the predictions of Game Theory, sind 
therefore, more precise characterizations of behav 
ior will be important in adapting these models 
to better fit how decisions are actually made. 


Game Theory 

‘Game Theory (3) is a collection of rigorous mod- 
cls attempting to understand and explain situa- 
tions in which decision-makers. must interact 
with one another. It offers a rich source of both 
‘behavioral tasks and dats, in addition to well- 
specified models for the investigation of social 
exchange. 

‘A common criticism of 
‘economic models is that ob- 
served decision behavior typ- 
ically deviates, often quite 
substantially, fiom the mod 
cls’ predictions, Most classi- 
cal game theoretical analyses 
predict that rational, self 
interested players will make 
decisions to reach outcomes, 
known as Nash equilibria (4), 
from which no player can in- 
crease his of her own payott 
‘unilaterally. However, play 
crs rarely play according 10 
these strategies (see (5) for a 
lusefill summary of the pri= 
‘mary findings in this fel, In 
reality, decision-makers are 
‘generally less selfish and strategic than the model 
‘predicts and value social factors such as reciproc- 
ity and equity. Nonetheless, the well-charactrized 
tusks and fomal modeling approach offred by 
‘Game Theory provides a useful foundation forthe 
study of decisions in a social context. Although 
the rules of these games are typically simple, these 
tasks produce a surprisingly varied and rich pattem 
of decision-making. 

One focus of Game Theory is. strategic 
‘bargaining behavior; the Ulimatum Game (UG) 
(@)isoften used to examine responses to fairness. 
In the UG, two players must divide a sum of 
‘money, with the proposer specifying this divi- 
sion, The responder has the option of accepting 
or rejecting the offer. Ifthe offer is accepted, the 
sum is divided as proposed. If it is rejected, 
neither player receives anything. If people are 
‘motivated purely by selfinterest, the responder 
should accept any offer and, knowing this, the 
proposer will offer the smallest nonzero amount. 
However, this Nash equilibrium prediction is at 
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‘odds with observed behavior, and the modal offer 
is 50/50 split. Further, low offers of less than 
20% of the total amount are rejected about half of | 
the time (6). Thus, people's choices in the UG do 
‘not conform to a model in which decisions are 
driven by financial self-interest, and neuroscience 
has begun to offer clues as to the mechanisms 
‘underlying these decisions. 

Reciprocal exchange has also been studied 
extensively in the laboratory, exemplified by the 
Trust Game (TG) and the Prisoner's Dilemama. In 
the first (7), a player (the investor) must decide 
how much of an endowment to invest with a 
partner (the tristee). Once transferred, this money 
is multiplied by some factor, and then the trustee 
has the opportunity 1 retum money to the 
investor, but, itis important to note, need not 
retum anything. If the trustee honors trust and 
retums money, both players end up with a higher 
monetary payoff than the original endowment. 
However, ifthe tustce abuses trust and keeps the 


Fig. 2. The subcomponents of the striatum, involved in the processing of reward. 
(A) Sagittal section and (B) coronal section illustrate the location of the caudate 
‘nucleus (CAU), putamen (PUT), and nucleus accumbens (NA). 


crite amount, the investor takes a loss. As the in- 
Vestor and trustee interact only once during the 
game, Game Theory predicts that a rational and 
selfish tustee will never honor the trust given by 
the investor. The investor, realizing this, should 
never place trust in the first place, and so will 
invest zero in the transaction. Despite these grim 
theoretical predictions, a majority of investors do 
jn fact send some amount of money to the trustee, 
and this trust is generally reciprocated. 

The standard Prisoner's Dilemma game 
(PDG) (8) is similar, except that both players 
simultaneously choose whether oF not to trust 
cach other, without knowledge of their partner's 
choice. In the PDG, payofls depend on the 
interaction of the two choices. The largest payot 
to the player occurs when he or she defects and 
the partner cooperates, with the worst outcome 
when the decisions are reversed (player cooper- 
ates while partner defects). Mutual cooperation 
yields a modest payoff to both players, whereas 
‘mutual defection provides a lesser amount to 
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each, The Nash equilibrium for the PDG is 
mutual defection, a worse outcome for both 
players than mutual cooperation, but again, in 
‘most iterations of the game, players exhibit more 
trust than expected, with mutual cooperation 
‘occurring about 50% of the time. 

Finally, coordination games (9) offer insights 
into how we assess the preferences of others and 
choose accordingly, For example, in. matching 
‘pennies, players choose between two alternatives 
(heads oF tails). One player wins if the two 
choices are the same, and the other wins if they 
‘are different. Players typically approach this 
‘game by atlempting 10 infer the strategy of the 
‘opponent, thus providing a window into how we 
use intention-detection processes to assist our 
strategic decision-making. 


Current Research Directions 


Researchers have sought to investigate brain func- 
tion in human subjects ws they interact with othor 
‘people in real, consequential so- 
ccial scenarios (eg, by playing, 
bargaining, reciprocal exchange, 
‘and coordination games with 
partners). Although this approach 
is a relatively recent endeavor, 
several interesting themes have 
emenged in current research: (i) 
social reward; (i) competition, 
‘cooperation, and coordination; 
and (ii) strategic reasoning, 

Social rewanl. Neuroceo- 
nomic research tries 10 illumi- 
nate the process by which we 
encode decision outcomes. and 
‘how this might, in tum, gui 
‘our future choices. It is widely 
hypothesized thatthe brain uses 
‘8 common-eward metic, which 
is crucial fora system to choose 
‘between rewards delivered in different: modal 
ities. A strong candidate for this metric is the 
mesolimbic dopamine system, and single-cell 
recordings from neurons in the striatum, a major 
projection site of midbrain dopamine cells (sce 
Fig. 1), have shown that neural responses scale 
reliably with reward magnitude (/0), These re 
sults also are observed in humans, with activity 
‘changes in the striatum sealing directly with the 
magnitude of monetary rewart or punishment 
(U1, 12). In simple coordination. games, re- 
searchers have uncovered compelling evidence 
forthe existence of reinforcementleaming mech 
anisms in nonhuman primates (/3, 14). This 
mechanism is thought to improve choices over 
time, by continually updating the outcomes ac= 
cording to the rewards and punishments en- 
‘countered in the environment. 

Building from this basic esearch, researchers 
have discovered thatthe human striatum appears 
{to be centrally involved in social decisions, above 
and beyond any financial outcome that may 
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acemie to the player. Several neuroimaging 
studies have demonstrated that the striatum tracks 
1 social partner's decision to reciprocate oF not 
reciprocate cooperation, appearing to encode ab- 
strict rewards such as the positive feeling gar- 
nnered by mutual cooperation. Reciprocated 
cooperation with another human leads 10 in- 
creased activation in the striatum as compared 
‘with @ control condition where an identical 
amount of money is eamed, whereas unrecipro- 
ceated cooperation shows a comesponding de- 
crease in activation in this area (15). In addition, 
activation is associated with increased coopera- 
tion in subsequent rounds, which suggests that 
the striatum may register social prediction errors 
to guide decisions about reciprocity. 

Related findings have been reported ina 
‘multiround TG (/6), where activation in the 
Irustee’s caudate was related to how much 
reciprocity the investor had shown on previous 
trials, and thus commesponded to an “intention to 
rust” signal of the trustee, Further, this signal 
‘gmdually shifted in time—in carly trials the 
signal occurred after the investor made his or 
hher choice, whereas later on, this signal occurred 
‘much earlier, before the investor's decision was 
revealed. This temporal shift is also reminiscent 
‘of reward prediction errors in reinforcement 
leaming models (17), 

‘These prediction error signals from partner 
decisions can be greatly reduced when deci- 
sions are based on prior information, Providing 
‘general personality profiles of partners before 
they play a TG led to reduced caudate activity 
‘when responding to partners described in either 
positive or negative moral terms, although re- 
sponses 10 morally neutral players remained un- 
changed (/8). This suggests that prior beliefs 
‘ean reduce the amount of tial-by-tril leaming, 
‘which demonstrates both top-down and bottom- 
up influences on the neural basis of social 
cooperation, 


A 


Fig. 2. Map of brain areas commonly activated in social decision-making 
studies. (A) The lateral view shows the location of the dorsolateral 
prefrontal cortex (OLPFC) and superior temporal sulcus (STS). (B) The 
sagittal section shows the location of the anterior cingulate cortex (ACC), 
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Of course, social reward need not always be 
related to positive, mutually cooperative, actions. 
Players also may derive satisfaction from punish- 
ing defectors, even when this punishment leads 
{oa financial loss to the player. This was illus- 
trated in a positron emission tomography study 
(19) where investors were confronted with non- 
reciprocators in a TG. Players had the option to 
punish these defectors, though this also entailed a 
loss of points for themselves. Nonetheless, play- 
crs made the decision to punish, and this was 
associated with activation in the caudate, with 
‘activation greater when the punishment was real 
(nvolving @ financial loss to the defector) than 
when it was merely symbolic, 

Finally, two recent studies have examined the 
neural basis of social altruism in tasks where 
players must decide whether to donate money 10 
‘charitable organizations. In one study (20), the 
striatum was engaged by both receiving money 
nd by donations to charity. In another (21), these 
areas were also activated by receipt of money and 
by observing a donation to a charity, but this 
‘activation was enhanced when this charitable 
donation was voluntary as opposed to forced. 
The latter studies are intriguing and offer the 
possibility of extending investigations of social 
reward beyond simple two-player interactions to 
interactive decision-making at a socictal level, 
which has potential implications to inform 
‘questions of public policy. 

‘Competition, cooperation, and coordination. 
In addition to the rewarding or punishing 
effets of social interactions, these scenarios have 
also illustrated the prominent role emotions play 
in social decision-making. Classical models of 
decision-making have largely ignored the influ- 
{ence of emotions on how decisions are made, but 
recent research thas begun to demonstrate the 
powerful effect these factors play. 

Emotional processes seem to reliably engage 
1 sot of structures including reward-processing 


mechanisms discussed above and areas of the 
midbrain and cortex to which they project, such 
as. ventromedial. prefrontal cortex (VMPFC), 
‘orbitofrontal cortex, and anterior cingulate cor- 
tex, as well as other areas such as the amygdala 
and insula (22) (see Fig. 2). Early pioneering 
‘work in this domain showed that patients 
suffering damage to VMPFC who presented 
ith associated emotional deficits were impaired 
in performing gambling tasks (23), which 
demonstrated experimentally that emotion plays 
a vital role in determining decisions, 

In terms of social decision-making, negative 
‘emotional states are observed behaviorally as a 
result of both inequity and nonreciprocity, such 
8 unfair offers in a UG (24), These emotional 
reactions have been proposed as a mechanism by 
‘hich inequity is avoided and may have evolved 
precisely to foster mutual reciprocity, to. make 
reputation important, and to encourage punish- 
ment of those seeking to take advantage of others 
(25), Indeed, even capuchin monkeys respond 
negatively to unequal distributions of rewards by 
refusing to participate in ataskthat requires effort 
if they witness another monkey receiving equal 
reward for less work (26). 

‘Neuroscientific studies offer the potential to 
‘20 beyond speculation to examine the causal 
relationship between an emotional reaction and 
‘subsequent social decision, as well as to invest- 
‘gate whether areas specialized for the processing 
‘of basic emotions may be co-opted for more 
‘complex atfloctive reactions. A functional mag- 
netic resonance imaging study (27) examined 
Unfair behavior in the UG and found brain areas, 
primarily the anterior insula, that exhibited 
greater activation as the unfaimess (ic, inequity) 
‘of the offer increased. Further, this area was more 
active when the subject was playing with another 
‘human than when engaged with a computer 
‘partner. It is noteworthy that the activation of this 
‘area predicted the player's decision to cither 


c 


ins 


AMY 


medial prefrontal cortex (MPFC), orbitofrontal cortex (OFO), and posterior 
cingulate cortex (PCC). (C) The coronal section [cut along the purple line 
in (B)] shows the location of the insula (INS) and amygdala (AMY). Areas 
Circled are those often associated with ToM processes. 
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aceept oF reject the offer, with rejections asso- 
ciated with significantly higher activation than 
acceptances. Ina related study, this area was also 
active in an iterated PDG (28), where individuals 
‘with a stronger anterior insula response to un- 
reciprocated cooperation showed a higher fre- 
‘quency of defection. Finally the same region has 
bbeen found in relation to empathic responses 
‘when witnessing a fair PDG partner's receiving 
painful electric shocks (29). 

‘The presence of anterior insula activations in 
these studies is particularly interesting as this 
brain region is also responsive to physically 
painful (30) and disgusting (31) stimuli and is 
involved in mapping physiological states of the 
body, including visceral sensations of autonomic 
arousal (32). Anterior insula and associated 
cemotion-processing areas may play a role in 
‘marking social interaction as aversive and, thus, 
discouraging trust of that partner in the future. 

Separate measures of emotional arousal pro- 
Vide support for this hypothesis. An UG study 
measuring skin-conductance responses, used as 
aan autonomic index of affective state, found 
‘higher skin conductance activity for unfair offers, 
and as with insular activation, this: measure 
discriminated between acceptances and rejec- 
tions of these offers (33). Finally, both VMPFC 
patients (34) and normal players primed with 
‘negative emotional states (35) rect unfair offers 
more frequently than controls in both cases, 
further evidence that regulation of affective pro- 
cessing is important in social decision-making. 

In a similar vein to the suppression of striatal 
activation by frontal, “top-down” processes in 
reward studies, activation of frontal regions to 
‘unfair offers in UG studies has been interpreted 
asa mechanism by which other more deliberative 
goals (Such as reputation maintenance or the 
desire to make money) can be implemented. 
‘Transeranial magnetic stimulation was used to 
disrupt processing in dorsolateral prefrontal 
cortex. while players were making decisions 
about offers in an UG (36, 37). In both studies, 
stimulation inereased acceptance rates of unfir 
offers as compared with control situations, which 
provides strong evidence for a causal relation 
between activation in this area and social 
decisions. 

‘A final potentially fruitful avenue of research 
in cooperative and competitive games is in using 
‘neuropeptides such as oxytocin, which is known 
to facilitate social affiliation in nonhuman 
animals, to modulate human social relationships. 
Ina TG (38), intranasal administration of oxy- 
tocin ted to an increase in tust placed by 
investors. This effect was not general for all 
types of decisions and was not observed for risk 
Or in games with random outcomes, but rather 
‘was specific for consequential social interactions 
‘with other humans, 

Although this research has greatly increased 
our understanding of the neural correlates. of 
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social decisions, it also asthe potential to inform 
economic theories. Recent models in behavioral 
economics have attempted to account for social 
factors, such as inequity aversion, by adding 
social utility functions to the standard models 
[eg., refs. (39, 40)]. Modeling these functions 
based on the underlying neural pattems provides 
‘a useful constraint in the development of new 
models, 

Strategic reasoning: Theory of mind. An 
ancillary benefit of these social decision-making 
tasks is that they can offer insight into how we 
process the intentions and actions of others, an 
ability often termed Theory of Mind (ToM). 
Studies of ToM reveal a network of areas that 
appear to be involved in this ability, primarily 
medial prefrontal cortex and anterior paracingu- 
{ate cortex (4/, 42), and decision-making studies 
have similarly demonstrated activation in these 
regions when players are immersed in thinking 
tnd acting on the beliefs of others, either by 
guessing partner strategies (43) or when compar- 
ing play with another human to play with a ran- 
«dom device, such as a computer partner (44, 45). 
This suggests that these regions may be involved 
in “intention detection,” that is, assessing the 
meaning of behavior from another agent. 

Clearly, other areas may be involved in these 
‘ToM processes, such as the tempo-parietal junc- 
tion (46), and it is also intriguing that these 
proposed areas largely overlap with those of the 
brain's purported “default network” (47), Al- 
though this integration is not well understood at 
present, use of social decision tasks offers po- 
{entially interesting avenues to uncover exactly 
how and where we process the meaning behind 
actions. For example, a recent study (48) un- 
covered neural activation arranged spatially 
along the anterior cingulate cortex comesponding 
{o either “me” oF “not me” responses in a Trust 
‘Game. These activations were only observed in 
the presence of a partner, which suggests that 
they were involved in encoding the social aspects 
‘of the exchange. 

Additionally, some individuals with psychi- 
atric disorders such as autism spectrum disorder 
have demonstrated severe ToM deficits. Autistic 
participants had a more difficult time shifting 
strategy in PDG and also were more likely to 
accept initial low UG offers (49), which demon- 
strated shortfalls inthe ability to reason success- 
fully in real social interactions. 


Conclusion 
The preceding sections review some general 
ways in which experimental economics and 
neuroscience can be combined to make important 
new contributions to understanding social 
decision-making. These findings provide some 
traction for measuring physical mechanisms 
responsible for social decision-making and offer 
the promise of identifying and precisely charac- 
terizing both the mechanisms and the factors that 
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influence their engagement and interaction. 
‘Games offer some real advantages over standard 
decision-making paradigms, not least in their 
‘embedding in actual, consequential, social inter- 
actions that allow investigation of complex 
processes such as reputation, trust, equality, and 
‘cooperation, 

‘AS with any novel approach, there are 
challenges to address. The component disciplines 
‘operate at different levels of analysis and have 
different theoretical assumptions. More practical- 
ly, there are important differences in methodolo- 
gy, in particular, with regard 10 the use of 
deception, generally prohibited by economics 
‘but used extensively in psychology and neuro- 
‘science. In addition, iis important to use caution 
in interpreting neural activations as measured by 
neuroimaging. For example, the association of a 
brain region with either value encoding or aver- 
sive processing in previous studies does not 
necessarily mean that activation in this area in the 
‘context of an interactive game can automatically 
‘be interpreted as rewarding oF punishing, respoc~ 
tively. It would therefore be prudent forthe field, 
as @ whole, 10 buttress these claims by either 
converging evidence from other methodologies 
ff, at the very least, demonstrating behavioral 
performance in line with the neural predictions, 
such as a player's preference for options that 
‘activate reward centers more strongly (/9), 

‘The neurocconomics of individual decisio 
making has had some notable success in in- 
‘estigating how parameters of decision utility are 
represented in the brain (50-52), In a similar 
vein, the neuroeconomics of social decision- 
making could probe whether there are neural 
correlates of parameters that Game Theory both 
prodicts (such as knowledge of payofts and long- 
‘erm strategic thinking) and does not predict 
(such as affective biases and individual differ 
‘ences in ToM ability) In addition, data generated 
‘by this approach can prove valuable in providing 
additional constraints, based on the neural 
substrate, for any theory that seeks to accurately 
‘mode! social decision-making. 

Finally, the neuroscientitic endeavor could 
also profit from allying more closely with the 
formal models of Game Theory, as opposed to 
merely viewing it as a useful source of tasks. For 
‘example, modeling of behavior in these tasks 
(53) can yield useful insights as to the decision- 
‘making behavior of organisms over time and 
could help illuminate processes that different 
‘games may have in common. 

1k would also be useful to explore ways in 
Which the various economic approaches may 
make contact with more tniditional neuro- 
scientific frameworks, such as the reinforcement 
eaming models mentioned above. Do the 
‘computations described by these models map 
‘onto the formal Game Theory analysis? 

‘The ability to better understand how our 
decisions will affect others—and their decisions 
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affsct us—has relevance from the broadest levels 
Of public policy to our most immediate inter- 
personal interactions, There is litle doubs thatthe 
combination of Game Theory tasks, with their 
formal, detailed mathematical models, and the 
techniques of modem neuroscience offers fruitful 
‘opportunities for the study of social decision 
‘making, This approach can both advance the 
predictive accuracy of theoretical models by 
‘constraining them based on behavioral perform 
ance and the under! ying neurobiology, as well as 
funher our knowledge of how people make 
decisions in a social context, 
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REVIEW 


Decision-Making Dysfunctions 
in Psychiatry—Altered 
Homeostatic Processing? 


‘Martin P. Paulus 


Decision-making consists of selecting an action from a set of available options. This results in an 
‘outcome that changes the state of the decision-maker. Therefore, decision-making is part of a 
homeostatic process. Individuals with psychiatric disorders show altered decision-making. They 
select options that are either non-optimal or nonhomeostatic. These dysfunctional patterns of 
decision-making in individuals with psychiatric disorders may fundamentally relate to problems 
with homeostatic regulation. These may manifest themselves in (i) how the length of time between 
decisions and their outcomes influences subsequent decision-making, (ii) how gain and loss 
feedback are integrated to determine the optimal decision, (ii) how individuals adapt their 
decision strategies to match the specific context, or (iv) how seemingly maladaptive responses 
result from an attempt to establish an unstable homeostatic balance. 


fore considering what goes wrong with 

decision-making in psychiatric patients, 

it is useful to summarize some of the 
basic conceptualizations and findings regarding 
docison-making in general. Genercally, decison 
‘making is selecting an action fiom a set of avail- 
able options, which may result in an outcome that 


26 OCTOBER 2007 VOL318 SCIENCE 


leads to a different psychological and phys- 
‘ological state of the decision-maker. Decision- 
making consists of a complex set of processes 
that are orchestrated in various brain systems to 
find an optimal outcome, Optimal decision- 
‘making requires a set of higher-order cognitive 
functions by which individuals regulate their 


sctions, thoughts, and emotions according to 
current psychological or physiological states, 
goals, and environmental conditions. In partic- 
ular, individuals must be able 10 appraise the 
momentary status of their needs. Therefore, 
decision-making is part of a homeostatic pro- 
cess. Homeostasis can be defined as a dynamic 
physiological, cognitive, and affective steady 
state (/) that integrates multiple bottom-up 
sensory afferents and top-down cognitive and 
aficctive control processes, resulting in dynamic 
stability (i.e. resistance to internal and extemal 
Perturbations). Decisions maintain or bring 
individuals into a new homeostatic state, Tem- 
porally, decision-making can be divided into 
three stages (2); (i) the assessment and. for- 
mation of preferences among possible options, 
(ii) the selection and execution of an action 
(and the inhibition of alternative actions), and 
(ii) the experience or evaluation of an outcome. 
Initially, a value or ultlity is assigned to each 
available option (3), which determines the pref= 
ference structure of the decision-making. situa- 
tion, The brain must evaluate not only what is 
‘occurring now but also what may or may not 
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‘occur in the future (4), The current state of the 
individual, the time to experience an outcome, 
the degree to which the outcome is advantageous, 
and the likelihood that an outcome will be ob- 
served are important variables that determine this 
preference structure. The decision-maker incor- 
porates previous outcome-retated_ information, 
action-related information, and contextual or sit- 
‘uational information to select an action. Each of 
these factons has to be considered in the context 
of the homeostatic balance of the individual to 
better understand decision-making dysfunctions 
in psychiatric-isorder populations, 

‘Traditional approaches to understanding 
decision-making are based on economic theory 
(5) and mathematical choice psychology (6). 
‘Several investigators have augmented this ap- 
proach (0 include affective oF visceral factors 
(7-9), which profoundly affect the preference 
structure of available options. Individuals often 
‘underappreciate, hardly remember, and have dif- 
ficulky explaining the influence of these factors (8), 
Nevertheless, the effect ofthese factors is consst- 
cent with the emerging understanding of how the 
‘brain computes decisions as derived from systemss- 
nnournscience approaches (/0-12) snd neurcbio- 
logically informed theres (/3, /4). For example, 
the somatic-marker hypothesis (/5) posts that op- 
‘tions are tagged with positive and negative somatic, 
states to guide individuals in making optimal 
choices (76). Thus, there is growing evidence 
that decision-making and homeostatic processing 
are inextricably linked (17) and that dysfunctions 
‘of decision-making cannot be understood with- 
‘out the reference 1 changes in homeostasis. 

‘The inclusion of viscera factors ($) and afoot 
hhcurstcs (7) as part of decision-making has moved 
this process from a rational selstion of options 
based on profirence structures into the realm of 
hhomecstatic maintenance behaviors One cannot 
separate decision-making from the current state of 
the individual (6) and/or understand decision- 
Inaking dysfunctions in psychiatric pationts without 
dlineating how the disorder afoot: bomeostasis. 
‘This view highiights an important but experimen- 
tally offen underappreciated. aspect of decision- 
‘making: that is, the ineroceptive valuation of 
available options and the general role of inferocep- 
tive neural systems in. decision-making. Intero- 
ception res to the homeostatic sensing of the 
intemal state of the body (J). This process com- 
bines the limbic sensory representation of subjec- 
tive “feelings” within the anterior insula and the 
limbic motor representation of volitional agency 
\within the anterior cingulate as the neuroanatom- 
ical basis for all huntan emotions (78). In this 
framework, affective/visceral processes are not 
simply occasional events but are ongoing and 
continuous, which is eritical for the notion that 
‘visceral factors influence decision-making (8). 

Two recent neuroimaging studies provide 
strong support for the homeostatic nature of 
decision-making. Firs, the preference structure in 
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Individual with 
psychiatric disorder 


‘asecive drugs 


Fig. 1. Schematic ilustration of two individuals who are in a different homeostatic balance in relation 
to each other (a person who is hungry and about to eat on the left and a person who is about to use 
‘methamphetamine on the right). It is presumed that interoceptive information transmitted via C- 
fibers and integrated in the anterior insular cortex plays a pivotal rote in instantiating the current 
homeostatic balance. AS a consequence, the value of an option {fruits on the let, methamphetamine on 
the right) is transformed via a complex function f, which takes into account probabilities and reward 
magnitudes but also the interoceptive state, into a different set of preferences based on the current 
status of the individual. The central hypothesis put forth here is that individuals with psychiatric 
disorders do not necessarily value the options differently in themselves but establish a different 
preference structure (represented by the thickness of the arrows pointing toward the options) based on 


their altered homeostatic balance. 


repeated decision-making situations is fundamen- 
tally affocted by the sampling of the available op- 
tions. An individual who makes a decision needs 
(o datermine strategically whether to gather oF to 
exploit option-reated information There is evi- 
dence that covtical and subcortical systems com 
Pete to madente this conflict and balance the 
individual toward exploratory and exploitative 
action strategies (19). Second, a fundamental ob- 
servation in classical choice psychology is thatthe 
value of an option is relative to a contextual ref= 
erence point (the so-called “framing effect”), 
Limbic processing areas, which are also critically 
involved in homeostatic maintenance behaviors 
(ich as the aniygdals), ae important for this ef- 
fect, and top-down modulatory areas (such as the 
‘medal prefrontal cortex) can predict the suscopti- 
bility © the framing efit (20). 

Homeostatic Processes in 

Psychiatric Disorders 
Decision-making dysfunctions in individuals with 
psychiatric disorders are most likely due to sev- 
eral different alterations of component processes. 


‘These alterations may be die to a primary pro- 
‘cessing dysfunction (for instance, an altered con- 
tribution of outcome magnitude, probability, or 
delay to computing the preference structure) oF to 
a secondary dysfunction resulting from a primary 
dysregulation of the homeostatic balance. Al- 
‘though many investigators have argued the former, 
here I argue that decision-making dysfunctions 
in psychiatry are largely consequences of homen- 
static dysregulation (Fig. 1). This approach is 
similar but not identical to the allostasis model 
(21)—the notion that a disease process is a result 
‘of the continued attempt to achieve stability — 
‘which has been proposed for addiction. Here, 
homeostasis is not a simple bottom-up deter- 
mined physiological set point, but rather a 
‘bottom-up and top-down determined dynamical 
state. Therefore, the altered assessment and for 
‘mation of preferences, the suboptimal selection 
and execution of an action, and the attenuated or 
‘exaggerated experience oF evaluation of an out- 
‘come are hypothesized to be duc to compensa- 
tory processes, albeit dysfunctional, aimed to 
bring the individual into a homeostasis. AS a 
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consequence, the valuation of options changes the 
pprefrence structure in different disorder popu- 
lations. This homeostatic formulation of decision- 
‘making dysfinetions has important implications. 
First, i€ assets that in many cases primary pro- 
cessing of the preference structure is intact, which 
is consistent with the finding that decision-making 
dysfinctions are ofien absent in asymptomatic in 
dividuals. Second, seemingly iational decision- 
‘making may be adaptive and explicable within the 
context of attempting 0 maintain homeostasis: For 
‘example, increased risk-taking in substance-sing 
individuals is often refemed 0 as nonacptive. 
However, studies of risksensitive foraging show 
that the degree of risk is a function of the homeo- 
static balance of the animal! or individual (22, 23), 
For example, the tiequency of visting aificial 
flowers containing high-variance rewards is directly 
related to the degree to which foraging binds find 
themselves in a precarious energy balance. Thus, 
increased risk-taking may represent an adaptive 
‘mechanism of the drug-sing individual, Third, this 
approach cals for experimental modulation of the 
homeostatic equilibrium during decision-making 
‘experiments with psychiatric populations to de 
termine whether dysfunctional decision-making 
cean be remedied, 


Specific Examples of Dysfunctional 
Decision-Making in Psychiatric Populations 
Substancesuse disorders. Various deficits in 
decision-making have been reported in people 
‘with substanceuse disonters (24). Specifically, 
these individuals do not appropriately take into 
account outcomes that oceur sometime in the fi 
ture versus those that oceur now, and they there 
fore discount delayed rewards at significantly higher 
rates than do comparison subjects (25-27). Some 
‘have amgued that this behavior cccurs because of 
‘an underlying disposition of impulsivity rather 
than a substineeinduced problem (28). This re 
sums a discounting model of impubiveness (29) 
(impulsivity a direct consequence of an increased 
attenuation of rewards as a function of delay), 
Which is supported by the finding that the degree 
‘of temporal discounting is correlated with ratings 
of impulsivity (30), Thus, altered discounting may 
bbe a predisposing characteristic but not a conse 
quence of years of substance use, because individ 
‘uals reporting illicit drug use sta younger age end 
{o discount the value of future hypothetical rewards 
‘more stexply thin do their peers (37). 

Individuals with substance-related problems, 
imespactve of the substance used, perform poorly 
‘on the Towa gambling task (IGT) (32-36), which 
‘measures the degree to which individuals select 
small immediate gains associated with longdemn, 
‘gins (advantageous option) over large immedite 
‘gains associated with long-tem losses (disadvan- 
{ageous option). These decision-making problems 
‘occur with and without concomitant working men 
ory oF executive-functioning problems, sugeest- 
ing that decision-making is not smply a result of 
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impairments in executive functioning, Individuals 
with alcohol-reiated prablems also perfoon wore 
‘on this task (37). Addicted individuals ether show 
atenuated leaming of selecting advantageous op- 
tions or do net choose preferentially advantageous 
‘options over disadvantageous ones. It is not clear 
Which behavior processes or noural systems ant 
resporsible for this deficit. In one study, a «- 
antagonist, buprenorphine, improved performance 
‘on the IGT in opiate-dependent subjects relative to 
methadone-maintained individuals, which points 
toward an opioid mechanism (38). Both predispos- 
ing characteristics and consequences of use (Le., 
duration of abstinence, years of abuse, number 
of relapses, and times in treatment) predict these 
performance deficits (39), However, itis not clear 
whether these deficits are related t abnormal 
orbitofrontal functioning, a cansequence of years 
‘of drug use, elated to poorer outcomes, oF even 
generalizable to other decision-making situations. 

Substance users also exhibit altered decision- 
making on other tasks. Amphetamine abusers 
select suboptimally when presented with low- 
probability options and deliberate longer before 
‘making their choices (4), As opposed to healthy 
Volunteers, outcome success does not modu- 
fate changes in win-stay/lose-shi 
‘methamphetamine-dependent indi 
Cocaine-dependent individuals show related but 
‘not identical abnormalities on different decision 
making tsks (42). Taken together, there is substan 
tial evidence for altered behavionl decision-making 
in substance-asing individuals, imespective of the 
behavioral probe that was used These dysfunctions 
include altered processing of future outcomes, 
reduced ability to adapt t short versus long-term 
saiins, sdlection of suboptimal choices based on 
probability, and/or reduced ability o incorporate 
‘outcomes into altering the preference stricture of 
available options. Nevertheless, itis not yet clear 
\whathor these dysfunctions are due to primary dif 
ferences in establishing the preference structure 
of the available options of, alternatively, represent 
fn attempt to generate a preference structure 
that is optimal for an individual with an altered 
homeostasis. 

In decision-making neuroimaging studies, 
‘methamphetamine-dependent individuals show 
altered fronto-parictal activity during “hard” de- 
cisions, which may point 10 inefficient cortical 
processing (43). We found less decision-making 
related activation in the arbitofrontal cortex (OFC), 
the dorsolateral prefrontal cortex, the anterior 
cingulate cortex (ACC), and the parietal cortex 
41, 44) in these subjects. Cocaine users show 
greater activation during performance of the 
IGT in the right OFC but less activation in the 
right dorsolateral and left medial prefrontal 
tex, which may reflect differences in the antici- 
pation of reward and/or planning and working 
‘memory (45). These altered brain-activation pat- 
tems may be the consequence of an imbalance 
between an impulsive, amygdala system for sig- 


naling pain or pleasure of immediate prospects 
‘and a reflective, prefrontal cortex system for sig- 
naling pain or pleasure of future prospects 
(46). Others have pointed out that an altered link 
between affect and decision is the key to un- 
derstanding decision-making dysfunctions in 
substance-using individuals (47), 

‘Are changes in decision-making. behavior 
and associated brain functions) a result of a 
‘preexisting chanicteristic, which may predispose 
subjects to use drugs and become dependent on 
them, oF @ consequence of years of use? Two 
‘complementary approaches have been used to 
‘examine this question. First, a high-risk popula- 
tion of individuals who have not yet developed 
substance dependence can be assessed to deter 
mine whether decision-making dysfunction pre~ 
dates the consequences of years of use. Seco 
acute effects of abused drugs on decision-making 
processes can be used fo gauge whether acute 
administration of these substances has the po- 
tential to alter such processes. 

Increased risk-related behaviors have been 
‘observed in “high-risk” populations (48), Indi- 
viduals who use stimulants but are not depen- 
dent select risky responses more frequently than 
do comparison subjects, but the nondependent 
stimulant users also select risky choices les often 
afler punishment. This risk-tking behavior cor. 
relates with measures of sensation-sccking. and 
impulsivity but not with other personality mea 
sures, anxiety, or a tendency toward using alcohol 
(49). In these individuals, an increase in caudate 
nucleus activation during a simple decision- 
making paradigm aimed to detemnine the influ 
fence of outcome uncertainty is correlated with 
impulsivity (50). Thus, those at risk show altered 
decision-making and brain-activation pattems 
before developing substance dependence. Ulti- 
mately, however, the continued use of substances 
despite adverse consequences that lead to depan- 
dence may have additional effects on the brain 
and behavi 

‘Acute administrations of drugs with abuse 
potential have shown effects on decision-making 
‘behavior that are not completely consistent with 
those observed in substance-using individue 
als, The stimulant methylphenidate reduces 
risk-taking behavior in healthy volunteers (57), 
amphetamine [and in some (52) but not other 
(53) studies, alcohol] attenuates the delayed dis- 
counting curves (54), and acute administration 
‘of (4)3,4-methylenedioxymethamphetamine ine 
creases the degree to which the previous stimulus 
influences the selection of the current response 
(53). Neither the benzodiazepine diazepam (56) 
‘nor cannabinoids altered impulsive behavior (57), 
‘but these drugs have been shown to increase 
risky decision-making (58, 59). Taken together, 
the results from acute administration studies are 
‘only patsy consistent with findings in substance- 
dependent individuals, Thus, decision-making 
dysfunctions and associated altered neural- 
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substrate processing could reflect a behavioral- 
‘and neural-systems biomaker © identify high-risk 
individuals. However, much more work is needed 
to beter delineate the altered homeostatic pro- 
‘cesses that give rise to the behavioral-and neural- 
systems dysfunctions before one can begin to 
use this approach as an endophenotype for 
substance-use disorders 

Mood and anxiety disorders, Reward pro- 
cessing is part of assessing the value of op- 
tions and occurs during the first stage of the 
decision-making process. Altered reward pro- 
‘cessing has been implicated in the basic patho- 
physiology of depression. Depressed patients 
show less activation in bilateral ventral striatal 
activation, which is believed 10 be involved in 
reward processing. This, in tum, has bea shown, 
{to correlate with decreased interest andor pleasure 
in the performance of activities (60), but not with 
levels of anxiety (6/). Individuals with major 
depressive disorder (62) and bipolar disorder (63) 
also perform more poorly on the IGT. These 
findings have been replicated in a related but 
experimentally different decision-making. task 
for manic and depressed patients (64). AS com- 
paired to healthy subjects, bipolar individuals 
during a manic episode are more sensitive to 
feedback and switch more frequently during 
hhigh-error rate conditions (65). Thus, those sul 
fering from mood disorders present decision- 
making dysfunctions characterized by assigning 
different values to available options, probably 
because of reward-processing abnormalities in 
the ventral striatum, 

Uncertainty is an important component of 
decision-making, and cognitive models of gen- 
eralized anxiety disorder highlight the role of 
intolerance of uncertainty (66). Accordingly, 
decision-making by anxious subjects is influ- 
ceniced (0 a greater extent by ambiguous stiruli 
(67), Moreover, the sensitivity of high-trait anx- 
‘ous individuals to infrequent errors is asso- 
ciated with increased activation in the ACC 
‘and the medial prefrontal cortex (68). Finally, the 
intolerance of uncertainty is positively rotated 
to the degree of ACC activity (69). These results 
‘may be related (0 the sensitivity of anxious in- 
dividuals to interoceptive sensations. These bodily 
sensations are associated with the assessment of 
available options as dangerous or threatening 
(70), process that may be mediated by altered 
anterior insula functioning (71). In particular 
risky options that are associated with uncertain 
and possible aversive outcomes may invoke 
‘more aversive anticipation of negative conse 
quences, which could result in reduced numbers 
of risk-taking behaviors, Not surprisingly, in- 
cereased activation in the anterior insular cortex 
is related to reduced risk-taking and increased 
‘neuroticism or harm avoidance (72, 73), which 
‘are temperamental characteristics of individuals 
prone to develop anxiety disorders. Therefore, 
increased sensitivity to possible aversive out- 
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comes during the assessment stage of decision- 
making because of hyperactivity in both the 
anterior cingulate and the anterior insular cortex 
may be a key feature of anxiety disonders. From 
1 homeostatic perspective, anxious individuals 
find themselves in a state that is characterized 
by increased top-down modulation of bottom- 
Lup interoceptive afferents that heighten sensi- 
tivity to and bias interpretation toward aversive 
‘outcomes. 

‘There is substantial evidence of orbitofrontal 
pathology in individuals with obsessive compul- 
sive disorder (OCD) (74). Some (75), but not 
‘orhers (76), find impaired decision-making on the 
IGT in OCD patients to be associated with greater 
crorselsted activation in the rostral ACC, which is 
‘correlated with symptom severity (77). Although 
the behavior of OCD individuals is sensitive to 
‘changing contingencies, these people show de- 
creased responsiveness in the right medial and 
fateral OFC, as well as in the right caudate nu- 
‘cous during outcome processing (74). These in- 
dividuals may experience an altered processing of 
reward history and valuation of options because 
of the relative disconnect between the dorsolat- 
cra, arbitofrontal, and anterior cingulate cortices 
with limbic regions (especially the amygdala) and 
with the basal ganglia (78). 

Schizophrenia, Surprisingly, several studies 
have shown that individuals with schizophrenia 
perform normally on the IGT (79), Both first- 
episode and chronic schizophrenic patients take 
longer than controls to make decisions, and both 
groups are also impaired on a measure of risk 
adjustment. This impairment is more severe in 
the chronic patients than in frst-episode patients 
(80). Decision-making dysfunctions in schiz~ 
‘ophrenia subjects may be due to an intermittent 
disruption of decision-strategies, which leads to 
choice pattems that can be both highly predict- 
able and highly unpredictable (8/-83). This pat- 
tem is particularly evident in deficit, but not in 
nondeficit, schizophrenia patients (84). Brain- 
imaging studies of decision-making show that 
the bilateral parietal cortex in schizophrenic pa 
tients is more involved in the assessment of un- 
ccetainty and less involved in success-rdated 
processing (85). Overall, evidence for experimental 
decision-making dysfunctions in schizophrenia 
is more mixed than that for other disorders. This 
may be due to inadequate experimental assessment 
oF to the heterogencity of the population charac 
(orized as being schizophrenic. The experimental 
findings are clearly at odds with a growing lters- 
fure on the reduced capacity to make decisions 
using questionnaire approaches (86). Future inves- 
tigations will need to develop experimental part- 
ddigms that can better probe the components of 
sacepeminesss os 
Future Directions 
Decision-making is a complex process that en- 
gages numerous neural systems to optimally 
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select an option. There is clear evidence of dys- 
functional decision-making in psychiatric pop- 
ulations. However, many of the studies have so 
far used a limited number of behavioral tasks, 
‘which are complex and probe multiple decision- 
related processes. Several approaches. will be 
necessary to gain a deeper and disease-relevant 
understanding of such dysfunctions. Firs, in- 
stead of one decision-making task, a set of be- 
‘havioral paradigms will need to be developed to 
probe different aspects of decision-making and 
{o provide converging validity of some of the 
proposed decision-making constructs, Second, 
clinical populations need to be better defined, 
‘sampled across sites, and examined using mul 
level descriptions to better delineate the speci 
ficity of the dysfunction, relation to the clinical 
syndrome, and degree to which decision-making 
dysfunctions are preexisting characteristics. or 
‘consequences of the disorder or treatment, Thind, 
decision-making will need to be examined with- 
in the homeostatic context of the individual. IC is 
‘not_yet clear whether dysfunctional decision- 
‘making in individuals with psychiatric disorders 
is a consequence of altered assessment, execu- 
tion, oF evaluation stages of decision-making, or 
whether it is adequate decision-making in the 
context of an altered homeastatic balance. Fourth, 
Ancuroimaging laboratories will need 10 collabo- 
rate with clinical researchers to batter delineate 
the ncural substrates involved in disorder-relatd 
decision-making dysfunctions, Fifth, systems and 
‘theoretical ncurascientists will need to work with 
clinical researchers to develop novel computa 
tional hypotheses and examine their relevance in 
making meaningful predictions, For example, a 
specific aberrant computational process has been 
suggested to underlie eaming and discounting 
dysfunctions in a recent addiction model (87). 
However, this model needs to be tested in vare 
ious populations of substance-using individuals 
‘and refined to make clinically useful predictions. 
Nevanthcless, the experimental study of decision- 
making provides an opportunity for meaningful 
interdisciplinary approaches that can help to 
reveal how brain processes go wry in individe 
uals with psychiatric disonders, 
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REVIEW 


Decision Theory: What “Should” 
the Nervous System Do? 


Konrad Kérding 


The purpose of our nervous system isto allow us to successfully interact with our environment. This 
normative idea is formalized by decision theory that defines which choices would be most 
beneficial. We live in an uncertain world, and each decision may have many possible outcomes; 
choosing the best decision is thus complicated. Bayesian decision theory formalizes these problems 
in the presence of uncertainty and often provides compact models that predict observed behavior. 
With its elegant formatization of the problems faced by the nervous system, it promises to 
become a major inspiration for studies in neuroscience. 


volutionary psychology has found that 
many human behaviors can be well un- 
derstood assuming adaptation of psychol- 
ogy (0 the past social environment of humans 


[e.g., (I). Similarly, ethology, the study of animal 
behavior [eg (2)), has shown that many of the 
properties ofthe nervous system and the bodies of | 
animals are remarkably well adapted to their eco- 


logical niche. These disciplines have shown that, 
‘over the course of evolution, animals are often en- 
dowed with solutions to common problems that 
are dose to optima [(/), but see (3), Many studies 
in neuroscience analy: low-level processes, For 
‘example, researchers study how animals con- 
‘rol their limbs, how they infer events in the 
‘world, and how they choose one of several pos- 
sible rewards. Such processes may have re- 
mained conserved for very long periods of time. 
‘We can thus expect the solution used by the 
‘nervous system for such problems to be close 
to optimal. 

Normative models formalize how the idea of 
‘adaptation predicts properties of the nervous 
system. These models assume that s process has 
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aan objective (e., walk using least energy) Such 
an objective is typically formalized by a fimction 
(Cutilty”) that defines how good the solution is 
(eg. the energy used). By combining the utility 
function with constraints (c.g, properties of mus- 
cles), it is possible to derive the best possible 
solution to the problem, usually using computer 
simulations. If the prediction of the model is 
‘matched by biology, itis concluded that, indeed, 
‘we have understood the purpose of a. system. 
‘Nomative models thus ask the “why?” question 
and formalize the ultimate purpose of & system. 
In this review, I focus on nomative approaches 
to decision making: the nervous system offen 
‘comes up with near-optimal decisions in a world 
characterized by uncertainty. To understand the 
nervous system, descriptive knowledge of how 
the nervous system works should be combined 
With normative knowledge of which problems it 
solves, 


Decision Theory 

‘The purpose of the central nervous system is to 
make decisions so that we can thrive by inter- 
acting. successfilly with our environment (Fig. 
1A). When we play darts, we need © decide 
which position on the dartboard to aim at (Fig. 
1B), The dartboard assigns a score to any pos- 
sible dart position and thus defines the outcome. 
‘The objective of playing darts is to obyain as many 
‘points as possible. Within decision theory, such an 
“objective is called a uty function fee, (4) A 
utility function Uforeome) measures how good 
‘or bad! any possible decision outcome is, IF dart 
players could choose where the dart will hit the 
‘board, they would choose the position that yields 
the most points and would thus maximize utility 

Although we can freely make decisions, we 
‘cannot directly choose the decision outcomes. If 
‘we always aim for the same position a, say the 
center of the bull's eye, and throw many dats, 
‘we will praduce a distribution of dat positions, x, 
‘on the dart board (Fig. 1C, inset). Within decision 
theory, this probability distribution is denoted 
ploutcome = x\decision = a). If we aim at the 
‘position on the board that gives the highest score, 
‘we may instead hit a neighboring area of the 
dartboard and receive a low score. Depending on 
the position we aim at, different scores become 
‘more oF less likely. This is a special case of 
‘general problem in decision theory: Outcomes 
depend on decisions in a probabilistic way. 

‘To derive the mast beneficial decision, it is 
necessary 10 combine the utility function with 
knowledge of how our decisions affect potential 
‘outcomes. The expected utility is 


(Utility (decision)] = 
E p(outcome|decision) U (outcome) 


‘The best decision is then defined as the one that 
‘will maximize the expected utility (5). 


yaw. sciencemag.org_ 


‘The decision theoretic approach can be used 
whenever we know how decisions are related 10 
‘outcomes and we know the utility of the out- 
‘comes. We can apply this framework to the ex- 
ample of darts playing. If we had low motor 
noise, we would be best off aiming at the triple 
20 (Fig. 1C). In contrast, if we have a realistic 
value of motor noise, the best point at which to 
aim is not the point of maximal score but is 0 
the lower left of the board (Fig. 1D, marked by 
dart). Both the behavior of advanced amateur 
players who have moderate motor variance and 
the behavior of professional players who have 
low motor variance are predicted by this deci- 
sion theoretic approach, A range of recent studies 
of decision-making have analyzed situations 
that are analogous to playing darts (6). Such 
simple decisions are well predicted from the 
assumption that people solve their decision 
problems in a fashion that is close to optimal. 
‘The approach also applies to many animal be- 
haviors: Animals need to choose to forage oF 
rest fight oF flight, continue moving oF freeze in 
place. Moreover, any behavior of an animal is, 
in some abstract way, a decision. The nervous 
system chooses one behavior from the set of all 
possible behaviors. Decision theory is thus a 
fundamental formalization of many problems that 
are solved by the nervous system and studied in 
neurvscience, 

‘A number of recent studies, under the um 
brella mame of neurocconomics, have started 10 
analyze how the nervous system represents and 
‘computes with a utility function (7-9), Because 


A 8 
Decision theory 


= 


SPECIALSECTION 


utility is central to any decision, it is important 
to understand how the nervous system repre- 
sents reward, Utilities are important for the 
nervous system because it uses them to act 
‘successfully. It has been shown that the ner- 
vous system represents changes in expected 
utility in a way predicted by a major leaming 
theory, reinforcement leaming (J0). Tradition 
ally simple rewards, such as monetary or food 
incentives, are used in experiments that ana- 
lyze how the nervous system represents utilities. 
However, insights fem evolutionary biology (/) 
predict that many different factors will influ- 
fence the utility of decisions. Indeed, it has 
‘been shown that the nervous system exhibits 
reward signal when someone else who cheated 
in a game is punished (//). Future research will 
hhave to uncover the full complexity of how 
Utility functions are represented and used by the 
nervous system. 


Bayesian Statistics 
Deciding seems easy: Choose the setion that is 
associated with the highest expected utility. 
However, the probability of an outcome given 
the dcision is difficult to estimate. To do 80, 
‘need 10 predict how the world will change until 
the outcome and how any decision would affect 
the world. This prediction can only be proba- 
bilistic because we have uncertainty about the 
‘ropertis of the world, stemming, for example, 
from noisy perception (2). 

Bayesian statistics defines how uncertain 
picees of information may be combined into a 


Motor erors 


Fig. 1. Decision theory. (A) To make optimal decisions, we need to combine what we know about 
the world with our utility function measuring how good or bad potential outcomes are. (B) In the 
example of playing darts, we need to decide where to aim. (C) As a function of the aiming point, 
the expected score is shown for an unbelievably good darts player with almost no movement errors. 
(D) As in (Q but for a mediocre darts player with large motor errors. 
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Fig. 2. (A) in the example of tennis, people need to combine what they know from before (prior, 
green) with what they currently see (likelihood, red). That way we can estimate the posterior (black 
contour lines) to make an optimal perceptual decision (blue). (B) Similarly if we estimate the life 
‘expectancy of a person who is 39 years old, we need to combine what we know from before (prior, 
histogram of lifetimes, green) with our new information (person survived 39 years, likelihood, red) 


to come up with an optimal estimate. 


joint estimate. New information (called a. like- 
Tihood) neads w be combined oF integrated with 
information from the past (called a prion). Similar 
problems oceur when information fom several 
‘cues, for example, proprioceptive and visual, 
‘noedk to be combined into a joint estimate. Bayes- 
in decision theory (13), the use of Bayesian 
statistics in a decision framework, defines how 
‘our beliels should be combined with our wiity 
function, Because most if not all of our de- 
cisions are made in the presence of uncertainty, 


understanding the way the nervous system deals 
with uncertainty is central to understanding. its 
‘normal mode of operation. 

Integration of priors and likelihoods. To cal- 
‘culate the probabilities of outcomes, itis often 
necessary to update our belief from the past 
(prior) with new knowledge (likelihood). For 
example, when we play tennis it is helpful to 
estimate where the ball will land. The visual 
system, although noisy, still provides us with 
an estimate of a likelihood of where the ball 


LUketinood’ Posterior rom past —+ Prior for future 


Fig. 3. Integration of information over time. (A) A diagram of a Kalman filter is shown. At any 
point of time ¢, the person has a belief about the state of the world. The person then updates this 
belief with a model of the dynamics of the world (e.g,, gravity) to calculate the belief at the next 
point of time. This belief (prior is then combined with new sensory information (likelihood) using 
Bayes’s rule to calculate the belief at the next time step. The ellipses indicate probability 
distributions sketched in (B). (B) To estimate the position of a ball hitting the ground, people 
continuously update their beliefs with incoming sensory information, yielding precise estimates. 
‘The posterior of the previous time step is the prior for the new one: The dashed line indicating the 
previous posterior is identical to the one standard deviation line of the prior (green). 


will land (sketched in red in Fig. 2A), This 
knowledge may be combined with information 
‘obtained from experience; the positions where the 
ball may land are not uniformly distributed over 
the court. The locations may be clustered near the 
‘boundary lines, where itis most difficult to retum 
the ball. This distribution of positions is called the 
prior (sketched in green in Fig, 2A). Bayes's rule 
states that how the probability of the ball land- 
ing at position x given our observation 0 (pos 
terior) needs to be estimated as 


Piste) = pls) p(olx)/p(o) 
‘Retain prio iin! 


Recent studies have analyzed such combi: 
nations in simple integration problems, Sen- 
sorimotor integration, force estimation, timing 
cstimation, speed estimation, the interpretation 
‘of visual scenes, just to name a few, have been 
analyzed (/4, 15), Together, these studies dem 
‘onstrate that people intuitively combine prior 
knowledge with new evidence in a way pre- 
dicted by Bayesian statistics, 

Bayesian methods also apply to decision- 
making in cognitive contexts (/6). What would 
‘be your guess of the life expectancy of a 39- 
year-old’? People can use two sources of infor: 
‘mation to answer this question, They may use 
the prior, the distribution of lifetimes (Fig, 2B, 
green). They may also use the likelihood, this 
[person must have survived the first 39 years of 
his or her life (Fig. 2B, red), With Bayes’s nule, 
‘we can combine these two picces of informa- 
tion, just as in the example of tennis (Fig. 2B, 
black). We thus estimate a life expectancy of 
about 76 years (using the negative square error 
as the utility function), Human participants ex- 
hibit cognitive behaviors that are close to op 
‘imal predictions. The same approach has been 
used fo successfully predict human estimates for 
many other everyday cognition problems (/6). 
People incorporate knowledge about the proba- 
bility distributions into estimates. in a fashion 
that is predicted by Bayesian decision theory. 

‘Cue combination, Estimation will often de- 
pend on two different cues. For example, we 
ray sce and fee! an object and use both senses to 
infer the properties of the object. Bayesian sta- 
tistics allows us to solve these problems with 
the same mathematical framework used for the 
‘combination of prior and likelihood. A couple 
‘of recent studies have examined how subjects 
solve such cue combination problems. For ex- 
ample, the combinations of visual and auditory 
information and visual and tactile information, 
as wel as within modality cue combination (c-., 
‘texture and disparity), have been studied. In such 
‘cases, cues are combined in a fashion that is close 
{o the optimum prescribed by Bayesian statistics, 
(U4, 15, 17, 18). 

Although there is strong evidence that ani- 
‘mals represent their degree of uncertainty and 
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Fig. 4. Inverse decison theory. (A) In inverse decision theory, it is assumed that tational methods. (B) In motor control, the utility function of producing forces of 
‘people behave optimally, From a sequence of optimal behavior, the priors like- varying duration and magnitude have been calculated. (C) For visual dedsions, 
lihoods, and utilty functions people use are inferred through various compu- people assume that small velocities are much mare likely than large velocities. 


combine different pieces of information into a 
joint estimate, there is stil relatively litle known 
‘about how the nervous system implements such 
computations. Recently, a couple of theoretical 
studies proposed how the nervous system may 
‘represent probabilities and combine them into 
estimates (79, 20). What is exciting about these 
studies is that they make clear testable predic- 
tions of how the nervous system may represent 
‘uncertainty, Understanding this representation 
is key for neuroscience because animals essen- 
tially make all their decisions in the presence 
of uncertainty. 

Integration of information over time, The 
state of the world and our information about it 
is continually changing. In the example of ten- 
nis, we only used an estimate at a single point of 
time, In reality, tennis players continuously ob- 
serve the ball’s motion, updating their beliefs 
about the position where the ball will land in a 
continuous manner, The Kalman filter formal- 
izes how such a process may work. The filter 
uses knowledge about the dynamics of the 
‘world to convert its belief about the state of 
the world atthe previous instance of time into a 
belief at a future point in time, For example, in 
the tennis game we expect the ball to move be- 
cause of its forward momentum and to acceler- 
ate because of gravity. The resulting belief (prior, 
Fig, 3, green) is then combined with new sen- 
sory information (likelihood, Fig. 3, red) to 
produce an updated belief (posterior, Fig. 3, 
ellipses). This way the Kalman filter updates 
its beliefs over time. In the case of playing 
tennis, such a strategy predicts that, as the ball 

lies, our estimate of the landing position will, 
progressively be updated and usually become 
‘more precise. It is thus possible to make an 
efficient decision in situations that change con- 
tinuously over time. 

A range of recent studies have probed the 
strategies used by human participants in such 
situations, The way that people estimate the po- 
sition of their hand in the dark is well predicted 
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by Kalman filtering (2/). Similarly, when people 
balance pole they also seem to use such strat- 
egies (22). Moreover, the way the nervous sys- 
tem represents changing muscle properties can 
be understood by assuming a Kalman filtering 
strategy (23, 24). These studies demonstrate that 
when people integrate information over time to 
‘make simple sensorimotor decisions, they seem 
{o do 50 in a fishion that is consistent with the 
‘optimal Bayesian solution, 

The nervous system constantly integrates in- 
formation overtime, an a range of new studies 
analyzed how it does so (25). In many such 
experiments, one of two stimuli is given, for 
example either a stimulus that moves to the right 
‘oF a stinnulus that moves to the left. If the stim 
tulus is sufficiently noisy, the nervous system 
‘nceds to integrate information over an extended 
period of time to make a good decision. Neu- 
rons were found that exhibit activities that cor- 
relate with the predicted process of optimal 
information integration over time. The nervous 
system takes into account probabilistic know! 
edge of potential rewards when integrating evi- 
dence for decision-making (26), The resulting 
models are particularly useful because they have 
‘normative component (optimal integration of 
evidence) while having a straightforward de- 
scriptive component (neurons can integrate in- 
puts over time). 


Inverse Decision Theory 

If people make decisions optimally, the mecha- 
nism of decision theory may be inverted: Com- 
putational techniques [eg., (27)] are used to 
infer which priors, likelihoods, and utility func- 
tions the participants used to make their de- 
cisions. For example, 3 utility function with a 
{ow free parameters may be proposed, and the 
parameters may be fit to human behavior. Ex- 
perimental economics (28) has extensively asked 
which utility functions people are optimizing. 
Only recently has the study of neuroscience and 
low-level decision-making started asking which 


priors are used and which utility functions are 
‘optimized. 

‘Many studies in neuroscience analyze motor 
‘control, an area where decision-making is key. 
For example, would you rather cary a 2-kg 
‘weight for I min or a I-kg weight for 2 min? 
We intuitively make repeatable choives in such 
situations that are of relevance to everyday tite, 
‘Such a utility function was recently inferred by 
using inverse decision theory (29) (Fig. 4A). 
This utility function is highly nonfinear in force 
magnitude and duration and is more compli= 
ccated than previously proposed utility functions 
(30). This highlights a problem in decision the- 
‘ory: Frequently, good fits to behavior 
‘obtained with wrong utility functions, 
decision theory can thus be seen as a way of 
searching for violations of the assumptions made 
when building a decision theoretic model, 

‘The framework of inverse decision theory 
also allows the analysis of which priors and 
Which likelihoods are used by people, Swidies 
indicate that people underestimate the speed of 
visual motion (37). This has been argued. as the 
result of using a Gaussian prior for interpreting 
that low speeds are most likely, But why should 
people use a Gaussian distribution? We do not 
know which prior would be optimal in real life, 
although some recent progress in the statistics of 
‘aural scenes may lead that way (32). In a recent 
‘experiment, the prior used by human participants 
‘was measured by using inverse decision theory 
(33) (Fig. 4A). The prior is not Gaussian and is 
rather similar to an exponential function, This 
ray inspire future experiments to characterize 
‘how the nervous system implemants such a prior. 

‘The strength of inverse decision theory in 
allowing for a wide range of possible utility 
functions is also its Weakness. Inverse decision 
theory will always yield a utility function, like- 
lihood, or prior for which the actually observed 
behavior is optimal. If the results differ from 
those assumed by a previous decision theoretic 
model, we can falsify this model. However, the 
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results should only be the basis of a new model 
if we can understand (and test) how the inferred 
functions derive from properties of the world. 
‘Similar problems also appear in other decision 
theoretic models that do not explicitly use in- 
verse decision theory. The theoretician may 
fiddle with the decision theoretic model, trying 
different utilities, likelihoods, and priors, until 
there are good fits to human performance. As in 
all other models that explain data, overfitting is 
also problem for decision theoretic models. 
Inverse decision theory allows for the ¢s- 
timations of the used utility functions, priors, 
‘and likelihoods, which may alleviate the search 
for their neural representation. For example, if 
|we know how utility functions depend on ideas 
Of faimess when playing games, itis possible to 
search for brain areas that represent this aspect 
‘of the utility function (7), Searching for the 
neural representation of a utility function that 
‘has been proposed on theoretical grounds, but is 
imelevant for human behavior, may miss im- 
‘portant sspects of decision-making. When search- 
ing fee the representation of riots oF utility 
functions in the nervous system, it soems central 
to know the fom of the priors an utility func- 
tions that are actually used by human participants. 


Discussion 
‘The world is complicated, and consequently 50 
is deciding, Models in neuroscience typically 
analyze simple relationships between variables. 
However, at least our high-level behavior is 
characterized by structural relationships. Events 
in the world have causes, and we naturally in- 
{empret events in tems of cause and effect. A 
few studies of Bayesian statistics over the past 
couple of years have stared to address the issue 
of how people may be able to infer the structure 
of the world (34, 35), Structure impies that not 
‘only features but their relationships play a fun- 
damental role. This concept has long been at the 
heart of cognitive science. How people solve 
complicated real-world problems needs to be 
understood. A lot of recent progress in machine 
leaming aims at inferring the structure of the 
‘world from real data (36), a process that people 
perform effortlessly. The study of decisions in 
‘neuroscience can draw upon advances in machine- 
leaming to make interesting new predictions. 
‘The decision theoretic approach may be 
limited in several ways. Humans should behave 
ssuboptimally for ethologically new kinds of de- 
cisions that are not repeated enough to allow for 
leaming {but see (37)]. This may, for example, 
bbe relevant to the way people participate in lot- 
teries (38), Using Bayes's rule to combine pieces 


‘of information is the best mathematical solution 
to any information combination problem and 
thus always has been the best solution. Similarly, 
moving efficiently has always been beneficial 
{o animals. The simple low-level properties of 
neural decision-making should thus be expected 
to be close to optimal. 

Decision theory formalizes how animals 
should decide and thus does not direetly make 
predictions of how the nervous system should 
implement the algorithm Jeading to such deci- 
sions (39). Countless different implementations 
may lead to the same optimal decision rules. 
However, the normative approach is not limited 
to decision theory. There may equally be costs 
and benefits (o implementing algorithms in var- 
ious ways. For example, having many long con- 
nections between neurons may use volume and 
energy and lead 10 slow information transmis- 
sion. The idea of wiring length minimization 
explains well the placement of neurons in cortical 
maps (40) as well as within the body of the 
nematode Caenorhabditis elegans (41), Similar, 
it may be argued that visual neurons. should 
faithfully represent the world with the fewest 
spikes (least metabolic cost), an idea that pre- 
dicts many properties of sensory representations 
(42), Normative ideas may even apply to cel- 
lular properties. The density of sodium channels 
in the squid giant axon may be understood from 
the idea that the squid giant axon should rapidly 
transmit action potentials used w allow the 
squid 10 flee from a predator (43, 44). Nomma- 
tive models and decision theory in particular 
‘offer ways of formalizing important problems 
that the nervous system needs to solve. Models 
jin neuroscience should seck to explain the 
wealth of available experimental data and also 
incorporate knowledge of the problem solved by 
the system. 
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Amazon Forests Green-Up 
During 2005 Drought 


‘Scott R. Saleska,"*t Kamel Didan,* Alfredo R. Huete,” Humberto R. da Rocha* 


‘arge-scale numerical models that sim- 
ulate the interactions between changing 
(global climate and terrestrial vegetation 

predict substantial carbon loss from. tropical 

ecosystems (/), including the drought-induced 
collapse of the Amazon forest and conversion to 

savanna (2) 


Resolution Imaging Spectroradiometer (MODIS) 
is a composite of leaf area and chlorophyll 
‘content that does not saturate, even over dense 
forests. Property filtered to remove atmospheric 
‘erosol and cloud effects, EVI tracks variations 
in canopy photosynthesis, as confirmed by eco- 
system ux measurements on the ground (3, 4). 


skewed toward greenness. 


Model-simulated forest collapse is a con- 
sequence not only of climate change-induced 
drought but also of amplification by the phys- 
‘ological response of the forest: Water-limited 
Vegetation responds promptly to initial drought 
by reducing transpiration (and photosynthesis), 
‘which in tum exacerbates the drought by in- 
terrupting the supply of water that would 
otherwise contribute to the recycled compo- 
nent of precipitation (2). This physiological 
feedback mechanism should be observable as 
short-term reductions in transpiration and photo- 
synthesis in response to drought under curent 
climates. 

We used satellites to observe whether an 
‘Amazon drought in fact reduced whole-canopy 
photosynthesis (3), The enhanced vegetation in- 
dex (EVI) from the Terra satellite's Moderate 
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Fig. 2. Spatial pattern of July to September 2005 standardized anomalies (3) 
in (A) precipitation (derived from Tropical Rainfall Measuring Mission satellite 
‘observations during 1998-2006) and in (B) forest canopy “ 
derived from MODIS satellite observations during 2000-2006). (C) Frequency 
distribution of EVI anomalies from intact forest areas in (B) that fall within the 
drought area [red areas in (A), see fig. $2], significantly (P < 0.001) (3) 


"(the EV 


‘A widespread drought occurred in the Ama- 
on in 2005 (5), the first such climatic anomaly 
since the launch of the Terra MODIS sensor in 
1999, providing a unique opportunity to compare 
factual forest drought response t expectation at 
large scales. 

Drought intensity peaked during dry season 
‘onset (July to September), primarily in southwest 
and central Amazénia (Fig. 1A) [the drought’s 
temporal evolution is depicted in (5)). If drought 
hhad the expected negative effect on canopy 
Photosymhesis, it should have been especially 
‘observable during this period, when anomalous 
interannual drought coincided with the already 
seasonally low precipitation. The observations of 
intact forest canopy “greenness” in the affection 
areas, however, are dominated by a significant 
increase (P< 0,0001) (3) not a decline (Fig. 1, B 


and C). Much of the smaller area exhibiting 
decline is heavily affected by human activity or 
consists of different vegetation types (fig. $2) 

Increased greenness is inconsistent with ex- 
pectation if trees are limited by water but follows 
from increased availability of sunlight (due to de- 
creased cloudiness) when waters not limiting —if, 
for example, tees are able to use deep roots and 
Ihydrologic redistribution to access and sustain 
water availablity during dry extremes (6, 7). 

‘These observations suggest that intact Ama- 
zon forests may be more resilient than many 
‘ecosystem models assume, atleast in response to 
short-term climatic anomalies, This work docs 
not alter the growing understanding of how 
‘Amazon forests are vulnerable to stressors stich 
as deforestation and fire, a vulnerability observed 
10 increase dramatically during the 2005 
drought (5). But it does suggest that forest 
vulnerability to climatic effects alone needs 
to be carefully assessed with studies aimed 
at improving models by integration with 
‘observations, Especially important for future 
work are observations to address the crit- 
cally important question of forest response 
4 longerterm drought (8), such as may be 
induced by strong El Nifio events or longer- 
‘erm climate change, 
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Outward Transport of 
High-Temperature Materials Around 
the Midplane of the Solar Nebula 


Fred }. Ciesla 


The Stardust samples collected from Comet 81P/Wild 2 indicate that large-scale mixing occurred in 
the solar nebula, carrying materials from the hot inner regions to cooler environments far from the 
Sun, Similar transport has been inferred from telescopic observations of protoplanetary disks 
‘around young stars. Models for protoplanetary disks, however, have difficulty explaining the 
“observed levels of transport. Here | report the results of a new two-dimensional model that shows 
that outward transport of high-temperature materials in protoplanetary disks is a natural outcome 
of disk formation and evolution. This outward transport occurs around the midplane of the disk. 


terial from which planetary systems 
form, indicate that the silicates contained 
Within are predominantly amorphous (/)—their 
‘atoms are randomly oriented with respect to 
‘one another, Thus, itis surprising that comets 
contain abundant crystalline silicates—grains 
whose atoms are arranged in ordered, repeating 
pattems (2, 3), Because crystalline grains can 
for from amorphous precursors through pro- 
‘cessing at high temperatures (>1100 K) (2, 4, it 
was suggested that these silicates originated in 
the hot, inner regions of the solar nebula and 
were transported outward beyond 15 t0 20 as- 
{tronomical units (AU), where long-period com 
cts formed (2), This hypothesis is supported by 
the findings of the Stardust mission (5, 6). Not 
only do the samples collected from Comet Wild 
2 contain large amounts of crystalline Mg-rich 
olivine, but a refractory grain dubbed “Inti” has 
also been identified. This grain has mineralo- 
‘gy and oxygen isotope ratios similar to those 
fof the calcium- and aluminum-rich inclusions 
(CAls) found in chondritic meteorites, suggest- 
ing a common origin (7). CAls record temper- 
atures >1500 K and likely formed close to the 
Sun (8). Spectral signatures of crystalline grains 
in the cool, outer regions of disks around other 
stars (9, 10) indicate that outward transport of 
high-temperature materials is a fundamental 
consequence of protoplanetary disk evolution. 
Protoplanctary disks evolve as they drive 
mass inward to be accreted by their central stars 
(11), The mechanism responsible for this evolu- 
tion is not well understood, but one popular 
hypothesis is that the transport arises due to a 
turbulent viscosity given by ac"/, where ¢ is 
the local speed of sound, 2 is the local Keplerian 
angular frequency, and a is a parameter, <1, 
that characterizes the level of turbulence (12). 


Ox of molecular clouds, the ma- 
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The viscosity may be due to a process like the 
‘magnetorotational instability (MRI) (/3), and 
‘when coupled with the differential rotation rates 
of a disk, generates shear stresses between 
ncighboring parcels of gas. While these stresses 
drive mass inward, the wrbulence allows ma- 
terials to diffuse outwards. Numerical inves- 
tigations (3, 14) found that delivering crystalline 
grins to the comet-formation region in. this 
‘manner is inefficient, because the inwand flows 
associated with disk evolution frustrate the out- 
‘ward diftusion of particles. To deliver processed 
grains at high abundances (10%) to the comet- 
formation region, the transport distance had to 
be small (a few AU). This meant that temper- 
‘tures in the solar nebula had to exceed 1000 K 
out t 10 AU, which requires mass accretion 
rates ~10™ solar masses (Mo)/year (3). How- 
ever, this value implies a short lifetime for the 
solar nebula, because a negligible fraction of its 
‘mass would remain after 10° years. This is in- 
consistent with the age differences between 
CAls and chondrules in chondritic meteorites 
(15) and models of Jupiter’s formation by core 


Fig. 1. Gas volume density 10 
contours for a. disk in hy | 
restate equilibrium whose | 
surface density is 

30) = 6300 ‘nt gut 


2 
z° 
2 


where ray the radial dis- 
tance in astronomical units 


accretion (/6), both of which indicate that the 
solar nebula retained substantial amount of 
mass for >2 million years, Formation of the 
‘giant planets by disk fragmentation (17) is also 
problematic because these disks would be too 
hot to be gravitationally unstable, 

‘These numerical studies used one-dimensional 
(ID) models for the solar nebula that tracked 
‘how the surface density of grains evolved due to 
the effects of diffusion, gas drag, and viscous 
flows. In these models, the motions due to gis 
«drag and viscous flows are found by detemnining 
the characteristic (midplane) and net (Vertically 
averaged) velocities, respectively, and applying 
them to all panicles at a given radial distance 
from the Sun (3, /4, 18), In reality, the dynamics 
‘of solid particles in the solar nebula depended 
strongly on the values of the local gas volume 
density and pressure, as well as their respective 
gradients (9), all of which varied with height 
above the nebular midplane (Fig, 1). A. major 
‘consequence of these variations is that the vis- 
‘cous stresses that developed within the nebula 
also varied with height, producing rapid inward 
flows along the surfaces (high altitudes) of the 
disk (20-22), The low rates fell off at lower 
altitudes and, indeed, were directed outward 
‘around the midplane (Fig, 2) 

‘To account for these effects, | have modeled 
Particle transport in a viscous, two-dimensional 
(2D) protoplanetary disk. The model tracks the 
radial and vertical transport of solids due to dif= 
fusion, viscous flows, gas drag, and settling de 
to gravity (23). The 2D model reveals that out- 
\ward transport in-a viscous disk is much more 
efficient than found by 1D studies (Fig. 3), This 
increased efficiency is due largely to the ease 
With which particles are transported outward 
‘around the midplane, the reasons for which are 
twolold. First, outward diffusion of materials 
‘occurs more rapidly in regions of the disk that 
have negative density gradients. Second, par- 
ticles that diffuse outward in this region do so 
without having to battle inward flows associated 


(GU). This corresponds to a 
disk with a mass accretion 
rate of 5 x 107 Mfyear 
(Gor c = 0.002), which is 
‘typical for young T-Tauri 
stars (11, 12). The disk 
thidness H = oO) ine 
ceases with distance from 


5 10 


Radius [AU] 


12 410 


Log(Density) [g/cm] 


the star as the vertical component of gravity decreases. Thus, the gas density monotonically decreases 
with distance around the midplane of the disk, but increases with radial distances for extended regions 
at higher altitudes. The pressure contours behave similarly. 
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\with disk evolution— indeed, their outward trans- 
port may be further encouraged by the outward 
flows that are present. Those materials that df= 
fuse vertically out of this region are pushed back 
toward the star as outward diffusion slows and 
the viscous flows are directed inward. 

Thus, the level to which high-temperature 
materials can be delivered to the cool, outer 
regions of a protoplanetary disk is controlled by 
their residence time in the “outward transport 
region” (OTR) around the midplane. Long res- 
idence times in the OTR can be achieved in two 
ways. The first is if the OTR occupies large vol- 
tumes within the disk, a condition that is deter- 
mined by the disk structure (Fig. 2). Disks with 
relatively steep surface density gradients will 
hhave langer OTRs because they have less mass 
in the outer disk to drive inward flows through 


viscous stresses. As a result, these flows are rel- 
gated to the uppermost layers of the disk where 
the radial volume density gradients start to be- 
‘come postive. This allows larger levels of out- 
‘ward transport (Fig. 3). Conversely, a disk with 
8 more shallow surface density profile has a 
smaller OTR, resulting in less outward transport 
and limiting the materials in the outer disks to 
amoephous grains left over from the parent mo- 
lecular cloud. Molecular cloud collapse calcula- 
tions (24) predict that disks will develop surface 
density profiles that initially vary as r-'*; how- 
ever, deviations from this profile arise due 10 
nonsymmetry and magnetic-field effects, and 
therefore disks with a range of structures are 
expected. Because the largely molecular hydro- 
gen gas in protoplanetary disks cannot be di- 
rectly observed, the results here suggest that the 


Fig. 2. The radial velocity 
‘of the gas at AU in vis- 
cous accretion disks with 
different viscosities. (val- 
ues of a) and different 
surface density radial de- 
ppendences (i). The ther- 
imal structure é the sare a5, 
in Fig. 2. The flows are de- 
termined largely by the ra- 
dial gradients in gas dersity 
and. temperature 20-22); 
thus, vertical variations in 
temperature would not 
produce substantially di- 
ferent results from those 
shown, The 1D steady-state 


Height Above Midplane [2/H] 


advective velocities are 
shown for comparison. 


Fig. 3. Contour plots for the 
sitiate crystalinty fraction in 
steady-state protoplanetary disks. 
In (A) and (B), the disk has the 
‘same structure and evolves as 
described in Fig. 1. (A) shows 
the results of a 1D model (23), 
whereas (B) uses the 20 model 
developed here. Siticates are as- 
‘sumed to be 11m spheres and 
initially distributed in the disk 
ata crystallinity fraction of 1%, 
Grains that are exposed to tem- 
peratures above 1100 K become 
crystalline, because the anneal 
jing time (<10 min) is negligible 
when compared to all other time 
scales considered (2, 4). In (Q, 
the disk surface density falls 
off as r** with all other disk 
properties kept the same. In (D), 
‘the same disk as in (A) and (B) 
‘is used, except that solids are 
contained in millimeter-sized ag- 
gregates. In all cases, the ver- 
tical distribution of solids is 
characterized by a thickness, H, 


Height [AU] 
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>75% 


>25% 


>10% 


Radius [AU] 
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crystallinity faction and distribution in these 
disks can be used as a diagnostic of the disk 
structure and, when combined with other ob- 
servations such as the opacity variations across 
the disk, may help untangle the physical prop- 
erties of the disk. 

Alternatively, long residence times in the 
OTR can be attained if materials are contained 
in large grains or were incomporated into larger 
aggregates through collisions and sticking with 
‘other grains (25). These langer objects would not 
diffuse vertically as efficiently as smaller parti- 
‘les (19), leading to higher concentrations in the 
OTR and larger outward fluxes (Fig, 3) If high- 
temperature materials were delivered in larger 
assemblages, these aggregates and grains would 
be susceptible to disruption from the energetic 
collisions that arise in turbulent environments 
25). Such collisions would thus populate the 
‘outer disk with high-temperature fine-grained 
materials whose spectral signatures could then 
be observed (9, 10). 

‘That outward transport occurs most efficient- 
ty around the midplane of the disk suggests that 
the faction of crystalline grains in a disk will 
‘correlate with the amount of setling that occurs, 
Which increases as solids grow. These correla- 
tions are indeed observed because those disks 
that are inferred to have large crystallinity frac= 
tions based on the observed spectra are best fit 
by models in which the solid subdisk is fat, 
rather than flared (10), Such correlations are 
‘counter to the 1D model predictions, where an 
increase in particle size leads to-a decrease in the 
‘outward transport efficiency because larger par- 
ticles diffuse less efficiently and migrate inward 
more rapidly due to gas drag (/9). Here, the 
‘outward flows within the OTR counteract the 
inward motions duc to gas drag. These flows 
‘could also preserve the 0.1- to 1-m CA\s in the 
solar nebula for the millions of years between 
their formation and their incorporation into me- 
teorite parent bodies (/5, 18). 

‘The variations in radial transport dynamics 
\ith height produce vertical gradients in the abun 
dance of crystalline grains in the disk (Fig. 3). 
‘Thus, infrared observations of protoplanetary 
disks, which only detect radiation from the disk 
surfaces, will lead to underestimates of the frac- 
tion of material that was processed at high tem- 
Peratures. Therefore, the reported. crystallinity 
fractions for protoplanetary disks (9, 10) should 
be taken as lower bounds. Such gradients are 
not predicted in 1D models because of the im- 
plicit assumption that all materials are well mixed 
with height, 

This work shows that outward transport of 
hightemperature materials naturally occurs around 
the midplane of turbulent protoplanctary disks. 
This mode of transport would take place even 
if layered accretion (26) occurred—where the 
MRI generated a turbulent viscosity in the sur- 
face layers of the disk, leaving the midplane 
surrounded by a “Dead Zone.” Hydrodynamic 
effects can produce turbulence even in cold, 
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neutral parts of a disk (27), allowing solids to 
diffuse outward around the midplane while still 
avoiding the inward flows that would frustrate 
their transport to the outer disk. The only 
‘requirement for this model is that the disk was 
hhot enough to process materials at the needed 
‘temperatures. Although high mass accretion rates 
are initially needed to produce these temper- 
atures, the rates that are needed to deliver large 
amounts of hightemperature materials to the 
‘outer disk are typical for young, T-Tauri stars (77) 
and more than an order of magnitude less than 
required by previous models (3). 

‘An important consequence of this model is 
‘that the thermally processed grains would have 
remained in contact with the nebular gas through- 
‘out their transport, allowing volatiles to condense 
‘on their surfices in cooler environments. In the 
“X-wind model (28), grains are processed by ri- 
dation from the Sun as they are launched above 
the disk in bipolar outflows, These grains would 
hhave lost their volatiles upon being heated, then 
decoupled from the gas 40 rain back onto the 
solar nebula. As these grains fell onto the solar 
nebula in the cometformation region, there 
Would be mixing baween two compenents: the 
solar composition materials that were already 
present and the more refiactory crystalline grains. 


Thus, comets that grew from these materials 
would be depleted in volatile elements, and 
those depletions would correlate with the amount 
‘of crystalline materials they contain. Pretiminary 
analyses of the Stardust samples indicate that 
Comet Wild 2 exhibits no such depletions (29). 
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A Surface-Tailored, Purely Electronic, 
Mott Metal-to-Insulator Transition 


R. G. Moore,” Jiandi Zhang,” V. B. Nascimento,” R. Jin,” Jiandong Guo,” 
G.T. Wang,* Z. Fang,* D. Mandrus,” €. W. Plummer** 


‘Mott transitions, which are metal-insulator transitions (MTS) driven by electron-electron 
interactions, are usually accompanied in bulk by structural phase transitions. In the layered 
perovskite Cay 950 ,RuOy, such a first-order Mott MIT occurs in the bulk at a temperature of 
154 kelvin on cooling. in contrast, at the surface, an unusual inherent Mott MIT is observed at 
130 kelvin, also on cooling but without a simultaneous lattice distortion. The broken translational 
symmetry at the surface causes a compressional stress that results in a 150% increase in the 
‘buckling of the Ca/St-O surface plane as compared to the bulk. The Ca/Sr ions are pulled toward 
the butk, which stabilizes a phase more amenable to 2 Mott insulator ground state than 

does the bulk structure and also energetically prohibits the structural transition that 


accompanies the bulk MIT. 


he insulating phase associated with metal- 

insulator transitions (MITS) (/-4) can be 

described as either a band insulator (such 
as silicon) or a Mott insulator (such as nickel 
oxide). A band insulator has an even number of 
electrons per unit cell that can be described 
adequately by an independent electron theory, 
\where all of the bands are either filled or empty at 


“eparment_of Physics and Astronomy, University of 
Tennessee, Kone, TN 37996, USA. “Department of 
Physi, Rorida international Universi, Mam, FL 33199, 
USA laterals Scene and Technlagy Division, Oak Ridge 
Natal Laberatey, Oak de, N 37831, USA. ‘Natal 
Laboratory for Condensed Mater Phys, insttute of Physics, 
Chinese Acadeny of Sciences, Being 100080, Chia 


aww. sciencemag.org_ 


OK. Ifthe number of electrons in the unit cell is 
«xi, then band theory always predicts metallicity, 
but when the onsite Coulomb interaction (U) is 
‘comparable in magnitude to the bandwidth (17), 
the material can become a Mott insulator (/,2).A 
transition from the Mott insulating phase to the 
metalic phase can be induced by temperature, 
pressure, magnetic field, or doping (4). Normally, 
the MIT fora band insulator is accompanied by a 
structural phase transition that changes or breaks 
the symmetry (5, 6). The simplest example is a 
‘one-dimensional chain of atoms, which, as 
Peierls showed (3), is unstable because of the 
degeneracy caused by Fermi surface nesting at 2 
4k, where ky is the Femi wavevector. The lattice 


reconstructs itself, doubling the periodicity: and 
lowering the electronic energy by creating a gap 
at the Fermi energy (E>). 

In contrast, an inherent Mott transition should 
be purely electronic in origin and not assisted by 
a sinictural transition (J, 2,5) In practice, almost 
all of the highly correlated materials with a large 
‘enough ratio of U/¥'to be Mott insulators exhibit 
close coupling between charge, spin, and lative, 
0 that the Mott transition is. nearly always 
‘accompanied by a structure transition, This stua- 
tion complicates the understanding of the basic 
mechanism of a Mott MIT as a transition driven 
by the electron-clectron (e-e) correlations. We 
now show that the surface layer of a Mott insu- 
lator can display a MIT independent of a struc- 
tural transition, 

The layered ruthenate Ca;.SF,RUO, shows a 
‘ich amray of ground states that are associated with 
the intricate couplings between latice, electron, 
and spin degrees of freedom (7-9). Ca replace 
ment of Sr* gradually enhances the rotational 
and tilt distortion of the RuO, octahedra, stating 
With a tetragonal /nmm structure for Se3RuOs, 
leading to an 4 /acd structure for Cay <StasRUOy, 
‘and ending with an orthorhombic S-Pbea struc- 
ture for CasRuO, (9). These structural changes 
Jead to an evolution of the ground state, from an 
‘unconventional superconducting state in SRuOs 
(ZO) to a quantum critical point at x = xe ~ 0S 
(where ¢ is critical) and to an ant ferromagnetic 
Mott insulating phase when x<0.2 (7, 8) 

‘The layered structure of this material, which 
plays a key role in the anisotropic transport and 
‘magnetic properties (7, 8), also makes the crystal 
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amenable to creating a surface by cleaving and 
offers a controlled way to investigate the 
‘manifestation of broken symmetry on a Mott 
MIT (11), Bulk studies have demonstrated that 
the Moit transition in the low Sr-doping regime 
intimately related to a structural transition (9). 
‘When the system changes from a metallic to 
Mott insulating phase on cooling, a concomitant 
structural transition to a more distorted ortho- 
‘thombic phase is observed in the bulk. In sharp 
contrast, we demonstrate here that the Mott 
transition on a freshly cleaved surface of 
‘Cay oS; RUO, occurs without an accompanying 
lattice distortion. Our observations and theoret- 
ical calculations show that the broken symmetry 
al the surface ereatesa structure that allows for an 
inherent, purely electronic Mott transition, Figure 
1 shows unambiguous evidence for a shift of the 
MIT to lower temperature (7) at the surface of 
Cay or 1RUOS single erystal, The bulk MIT 
‘occurs at Z;~ 154 K (6 critical), as shown by the 
abrupt change of the bulk electrical resistivity, 
‘whereas the surface transition occurs at J. ™ 
130 K (s, surface), as indicated by the opening of 
the energy gap measured by scanning tunneling 
spectroscopy (STS). 

To investigate the surfice Mott transition as 
Well as the evolution of surface electronic prop- 
erties and associated lattice dynamics, we have 
performed both STS and high-resolution electron 
‘energy loss spectroscopy (HREELS) measure- 
‘ments versus temperature on the surface of Ca, » 
‘Sty RUOs (/2), Both STS and HREELS are 


surface-sensitive techniques: STS probes the in- 
tegrated density of electronic states near Ey, snd 
the spectra fom HREELS provide the surface 
dielectric response through quasi-particle excita- 


tions, including phonons and low-energy electron 
excitations, The low-energy quasi-particle exei- 
tations near E, referred to as the Drude weight in 
‘energy loss spectra, provide a signature of metal- 
licity. The information obtained from HREELS 
at the surfice is similar t that from optical 
conductivity spectroscopy for the bulk. 

‘The measured T dependence of STS and 
HREELS spectra shows that both the STS and 
HREELS spectra display no sign of an enengy 
‘up at room temperature (Fig. 2). The HREELS 
spectra exhibit a sizable Drude weight apparent 
‘on the right shoulder of the elastic scatering pak, 
indicating the metallic character of the surface. 
‘The Drude weight decreases gradually with de- 
creasing sample temperature as the elastic peak 
in the HREELS spectra becomes more and more 
symmetric. Comesponsingly, the density of states 
near Bj also decreases with decreasing temperature 
as shown in the tunneling conductance (the dexiv- 
ative of the tunneling curent difd¥’) close to zero 
bias, The energy loss peak at fea, ~ 81 meV is an 
‘optical phonon associated with the apical oxygen 
‘vibration at the surface (13) (t, Planck's constant; 
(© surface phonon frequency). The comesponding 
bbulk mode is the RuO,-stretching Aj, mode 
(Fig. 2B, inset) that appears at lower energy 
{hay, ~ 72 meV (@y, bulk phonon frequency)] 
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for Ca:RuO, (14). This surface phonon peak 
gradually decreases its intensity while remaining 
‘at a constant energy of ~81 meV with 
decreasing temperature until around 130 K. 
Below 130 K, several abrupt changes occur 
in these spectroscopic measurements that are 
indicative of 2 distinct surface transition. An 
energy gap up to 0.3 + 0.1 eV emerges in the 
STS spectra (Fig. 2A), indicating the establish 


Fig. 1. Signatures of 
‘the MIT in the bulk (7. = 
154 0 and at the [001] 
surface 7.,= 1300 of a 
Ca, StoaRUO, single cys- 
‘al. The T dependence of 
the butk resistivity (orange 
circles and trace) was 
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‘ment of an insulating state at the surface below 
Tex ~ 130 K. This value of the energy gap is 
‘near that measured from the bulk of Ca;RuO, 
(4-16). The gap of Ca,RuO, obtained from the 
optical conductivity measurement (14, 15) 
varies with temperature, from 0.2 + 0,05 eV at 
T, ~ 356 K to 06 + 003 eV at 11 K. An anal- 
ysis of the resistivity versus T gives a gap of 

139 eV for CaRuOs (/6), Simultancously, 
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Fig. 2. (A) T dependence of scanning tunneling di/dV spectra measured at the surface of 
Gay 95teaRUO, (averaged over an area of 60 nm x 60 nm by a grid spectroscopic mode with 20 x 20 


sampling pixels, sample bias V = 1.18 V, and feedback current | = 0.76 nA). The spectra are also 


shifted for clarity, with the zero value of diidV marked by solid lines. The inset is the enlargement 
of the spectra near E; showing the opening energy gap (indicated by arrows) when the surface 
becomes insulating below 130 K. (B) T dependence of normalized HREELS spectra measured at the 


surface of Ca; 95to:RuO, taken with electron 


scattering at the specular direction. The incident 


electron beam energy used was 20 eV. The spectra for T < 300 K have been incrementally shifted 
for clarity. The marked peaks are the loss feature due to the optical phonon excitations associated 
with the RuO, stretching mode (see the schematic ball modeD. a.u., arbitrary units. 
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the stretching phonon peak shows a shift to 
higher energy and a sudden increase in intensity 
in the HREELS spectra (Fig. 2B). In addition, 
the linewidth of the phonon abruptly changes 
from ~20 meV above 130 K to 7 meV below. 
This change indicates a coupling between the 
latice dynamics and MIT at the surface 
associated with a change in electron-phonon 
(ep) interaction, But, as noted below, the 
change in the ep coupling does not drive a 
structural phase transition at To. 

To elucidate the correlation of these changes 
at the surface of Ca 9Sf,RuOs, we have 
analyzed the STS and HREELS spectra (17) to 
‘extract information about the T dependence of 
the energy gap and the Drude weight, as well 
as the phonon energy, intensity, and linewidth 
(Fig. 3) from the data taken on cooling. A sud- 
den drop of the Drude weight and the opening 
of the energy gap are accompanied by an energy 
shift a rapid increase in intensity, and an abrupt 
linewidth reduction of the surface phonon at the 
temperature T,, = 130 K, all of which are 
‘hallmarks of a surface Mott MIT, The surface 
MIT temperature (7,,) is more than 20 K lower 
than 7; (154 K) in the bulk, This finding is 
‘counterintuitive, because the conventional pic- 
ture suggests that e-e correlation effects should 
bbe stronger at the surfice than in the bulk as a 
result of the reduced atomic coordination, thus 
stabilizing the Mott insulating phase and push- 
ing the Mott transition to higher temperatures at 
the surfice as compared to the bulk, 
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Fig. 3. Sum of the measured results fr the surface 
IMT. (A) T dependence of the eneray gap de- 
termined by the STS spectra and the Drude weight 
obtained from the HREELS spectra and (B) T 
dependence of the energy and intensity of the 
‘optical phonon measured with HREELS at th 

surface of CaxSta.RuO,. The dashed line marks 
the surface MIT temperature (T..= 130K). The sobd 
lines are guides forthe eye. 


aww. sciencemag.org_ 


“The bulk firs-onder Mott MIT in Ca, Seq RuO, 
is accompanied by an abrupt lattice distortion (9) 
The bulk structure above and below the bulk 
MIT, as well as the difference between them, 
are presented in Table 1. We have determined 
the surface lattice structure by quantitatively 
analyzing the low-energy electron diffraction 
(LEED) /-V (intensity as a function of voltage) 
spectra (/8) at both room temperature (RT) 
metallic and low-temperature (LT) insulating 
phases. In onder to precisely determine the com- 
plex surface structure of this oxide compound, 
wwe have used a new self-consistent procedure 
(19) developed for LEED -V structural deter- 
minations of oxide surfaces, The -V of 16 
nonequivalent beams was measured and com- 
pared with calculated intensities for surface 
model structures. The total /-V’ energy range 
(summation of energy ranges for the 16 non- 
‘equivalent beams) varied from 3982 to 4469 eV 
for four sets of data. A good fit with the Pendry 
reliability factor (20) Rp ~ 0.22 to experimental 
spectra was achieved, yielding the structure listed 
in Table 1 

A typical LEED image, which docs not 
change with temperature from 300 to 90 K, is 
shown in Fig. 4A. The symmetry and the exis- 
tence of a single glide line in the image pattem 
indicate a pX1 * 1) (001) surface of a bulk- 
terminated onhorhombic structure. This ontho- 
thombic structure (with Phea space group 
symmetry) is characterized by a static tilt and 
rotational distortions of RuO, octahedra from 
the simple cubic perovskite phase. However, the 
analysis of the LEED /-V data shows that sur- 
face structure remains static across both the bulk 
and surface MIT (Table 1) except for a very 
gradual thermal relaxation. The comparison of 
the 90 and 300 K structures reveals no mea- 
surable difference (within the error bars). The 
error bars associated with a change in structure 
‘can be reduced by comparing the experimental 
data below and above the transition. Rp for such 
4 comparison is ~0.1, which allows us to 
‘conclude that both the octahedral tilt and the 
surfice buckling remain unchanged within the 
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‘error bars (0 + 04° for tit and 0+ 0,02 A for 
surface buckling). 

Structural distortion is important to create 
and stabilize a Mott insulating state in the bulk 
of Cas.,Sr,RuO, (7-9). While keeping the same 
symmetry, the bulk erystal undergoes a distinct 
structural transition at 7; that is intimately 
linked to the MIT (9), This spontaneous struc 
tural transition (Table 1) is characterized by a 
substantial increase in the RuO,, tlt angle (5°), 
sccompanied by a reduction in the Ru-apical 
‘oxygen ion O(2) distances (~0.05 A) and by a 
considerable increase of the in-plane Ru-O(1) 
104 A), Similar structural dis- 


therefore, we were observing a MIT that was 
solely driven by e-e interactions, All of our struc 
tural and spectroscopic data indicate that the 
surface MIT is of the same nature asthe bulk; that 
is, a Mott MIT. Thus, despite its lower transition 
temperature (20 K lower), the inherent Mott 
insulating phase at the surface may be more 
stable than the inherent Mott insulating phase in 
bulk, if the bulk structural distortion can be 
climinated 

Although in the metallic phase the surface 
thas a slightly langer RuO, rotation and tit than 
the metallic bulk at room temperature, the 
‘observed tilts on the surfice never reach the 
values observed in the bulk insulating phase, As 
shown schematically in Fig. 4B, the largest sur- 
face relaxation is the inward motion of the top 
Ca/Sr ions (which remains the same at both high 
and low temperature). This results in a static 
buckling in the surface CwSt-O(2) layer of 
0.23 A. The explanation for this compression of 
the surface layer is straightforward and quite 
general, When the oxygen above the top Ca/St 
is removed, so is the attractive ionic force that 
allows the Sr to be pulled inward by the at- 
‘tractive forces from the oxygen below. This type 
‘of relaxation has been documented for surfaces 
of perovskites such as SFTiOs (21), BaTiOs, and 
PTIO, (22). This buckling ofthe surface Ca/St-O 
layer impedes the structural transition that oceurs 
in the bulk at 7. 


Table 1. Comparison between the bulk and [002] surface lattice distortion of Cay 9StoRuO, in 
orthorhombic structure, mainly the rotational angle (o),titt angle (@), and changes of volume of the 
octahedra. Errors are given in parentheses, wth the error bars for the surface measurements determined 
using Re (20). The A,(LT-RT) and A(LT-RT) columns are the comparisons of the experimental data 
between the LT insulating and RT 300 K) metallic phase of the bulk and surface, respectively. A, is the 
difference in the vertical position between Ca/Sr and the 0(2) ions in the surface Ca‘Sr-0(2) plane. 


Bulk (9) Surface 

TK 300 20 AMLT-RT) 90 AUR 
a/Sr-012) 4, (A) 0.15910.002) 0.179(0.002) -0.020(0.003) _0.23(0.03) _0.00(0.04) 
8: O(1) (degrees) 6.5(0.1) 11.16(0.05)4,64(0.05) 9.00.7) 0.12.1) 
8: O(2) degrees) 5.2101) 9.40(0.07) 4,110.7) 6.80.5) 0.3(0.9) 
Ru-0(2) (A) 1.939(0.002)1.987(0.002) -0.048(0.002)1.97(0.02) _0.01(0.08) 

9480.02) 1.988(0.002) -0.040(0.002) 1.98(0.02) 0.01(0.04) 

Ru-012) (AD 2.040(0.001) 1.991(0.001) 0.049(0.001)2.05(0.01)__0.01(0.02) 
© (degrees) 12.65(0.06)  11.77(0.05) -0.88(0.08)_16(2) 013) 
Volume Rus (A?) 10.27 10.48 Oza 10.64 0.02 
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‘The above scenario is confirmed by our first 
principles calculations using a plane-wave pseudo- 
potential method and local density approximation 
[see (23, 24) for technique details}. We calculate 
the total energy as a function of structural 
distortions, namely RuO, rotation and tilting, 
‘while fixing the lattice parameters to the exper- 
imental ones (neutron diffraction data for the 
bulk (9) and the LEED results for the surface 
shown in Table 1), With the bulk structural pa- 
rameters, our theoretical calculations reproduce 
the two stable bulk latice structures (Fig. 4C), 
fone with a tilt angle of ~6.5° for the metallic 
‘phase and the other with a tlt angle of 10° for 
the insulating phase. To simulate the situation of 
the surface, we include the enhanced buckling of 
the CwSr-O plane in a bulk calculation. As 
shown in Fig. 4C, this enhanced buckling pins 
the tilt angle at ~7°, making the increased tit 
‘energetically unfavorable and inhibiting the 
structural transition, The calculated tilt angle 
(7°) is in excellent agreement with LEED -V- 
determined results, even though this is not a 
surfice calculation. Although our calculations do 
‘not directly acount for the broken symmetry of 
the surfice, the search for total energy minima 
using a bulk calculation including the observed 
‘surface structural distortions reveals the influence 
Cf the surfice enhanced buckling on the ground 
state structure, 


Fig. 4, (A typical 
LEED image atthe cleaved P 
surfaces of Ca, StoaRuQy 
at RT, taken with an 
‘electron beam energy of 

170 ev. The tit distortion 

‘of RuO, octahedra is evi- 

dent by the existence of 

‘only one glide tine (on 

which fraction spots are 
extinct) instead of two 
perpendicular glide tines 

due to the broken sym- 


With no structural transition involved in the 
surface Mott MIT, we can ask what drives the 
‘observed inherent’ Mott MIT at the surface of 
CaygSroRuOy In CarSeRUOs, three toy 
orbitals (4dq, 4d, and 4d.) contribute to the 
electronic states near E; In the bulk crystal, 
both tilt and flatening of the RuO, octahedra 
{favor an antiferromagnetic ground state, whereas 
both Gilt and rotational distortion stabilize the 
insulating phase by narrowing the fa, bandwidth 
(23, 24). Although never reaching the bulk 
insulating phase values (~10° on average), the 
surface tilt angle (-8° on average) is slightly 
greater than the bulk metallic phase values (~6° 
‘on average). In addition, the surface Ru, 
rotational distortion is greater than that in the 
bulk. All of these factors, plus the reduced co- 
‘ordination at the surface (25-27), which presum- 
ably enhances surface comelations, point in the 
direction of increasing the ratio of correlation to 
bandwidth (77). Ics this enhanced ratio that is 
strong enough to drive the surface Mott MIT 
without the necessity of a structural transition. 
A recent finite-temperature (250 K) multi- 
band dynamical mean field theory calculation 
for the Mott MIT in CasaSr«RuQs (28) presents 
4 model that lets us test these assertions. The 
‘occupancy of the in-plane dyy band (7,) is 
‘ftical for creating the Mott insulating sta. We 
have used density functional theory (DFT) to 
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metry. () A ballemodet 
side view of the deter- 
‘mined structure from the 
surface (top layer) to the 
‘bulk (bottom layer) of 
CazySto:RuO,. The dis- 
tinct inward motion of 
Ca/Sr ions at the surface 
{s indicated by the arow. 
(©) The calculated total 
‘energy versus RuO, tilt 
angle (0) fr three diter- 
ent lattice structures: the 
bulk RT structure (red 
symbols), the bulk LT 


[me sutece y= 16°) 


structure (black symbol), 
and the surface stricture 
(blue symbols), For each 


‘ase, the calculations were nonmagnetic and were done starting with a bulk structure withthe experimentally 


determined lattice parameters and the rotational angles (6). The inset at top 


schematically defines the rotation 


and tit distortion of RuO, octahedron. The arrows indicate the calculated ttt angles (9) with the minimum 


‘energies corresponding tothe three structures. 
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calculate n,, for the three relevant structures: (i) 
the RT bulk (RTB) metallic phase, (ii) the LT 
bulk (LTB) insulating phase, and (ii) the sur- 
face (5), with n,(s) calculated for a bulk 
With this stricture. The DFT calculation yields 
‘g(RTB) = 0.71, n (LTB) = 0.75, and 11 (5) 
0.73. The my value for the pure Sr compound is 
(0.64. This calculation clearly shows the tendency, 
without any correlation of the three different 
structures, toward Mott insulator formation. The 
surface is more susceptible to an inherent Mott 
MIT than the room-temperature bulk. 

‘The identification of the appropriate micro- 
scopic order parameter for a finite temperature 
MIT has and continues to be actively discussed 
(29-37), The onder parameter associated with an 
inherent Mott MIT is masked by complications 
arising fiom coupled transitions (3/). Figure 3 
shows that, for the surface inherent Mott MIT, 
there are several experimental observables that 
‘can be configured as order parameters. The nor- 
malized gap seen with STS is an appropriate 
‘order parameter, as is the gap seen in optical 
‘conductivity measurements (29, 30), The Drude 
weight can be configured to be another onder 
parameter and, because of the strong ep inter 
‘ction, the energy and intensity of the optical 
Phonon offer two other physical observables 
that can be defined appropriately (0 serve as 
‘order parameters. The data in Fig. 3 show how 
these observables all give the same Te» Com 
parison to the first-order structural transition that 
‘oveurs in the bulk at the MIT temperature in- 
dlicates that the surfice transition may be more 
‘gradual, Whether the surface Mot MIT is a 
second-order phase transition awaits a much 
‘more detailed investigation. What is required is 
«a detailed swidy of the thermal hysteresis of the 
'STS energy gap. However, the bulk first-order 
character of the Ca-tich single crystals in the 
Ca,Sr,RuO, family complicates these mea- 
‘surements. Further experiments are also needed 
10 elucidate the nature of the surface transition, 
A. decisive experiment would be an angle 
resolved photoemission study of the evolution 
of the coherent quasi-particle band as T 
approaches T.., especially for T< T,. 
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A Synthetic Lectin Analog for 
Biomimetic Disaccharide Recognition 


Yann Ferrand, Matthew P. Crump, Anthony P. Davis* 


Carbohydrate recog 


in 


biologically important but intrinsically challenging, for both nature and 


hhost-quest chemists. Saccharides are complex, subtly variable, and camouflaged by hydroxy groups 
that hinder discrimination between substrate and water. We have developed a rational strategy for the 
biomimetic recognition of carbohydrates with all-equatoral stereochemistry (f-glucose, analogs, and 
homologs) and have now applied it to disaccharides such as cllobiose. Our synthetic receptor showed 
{900d affinities, not unlike those of some lectins (carbohydrate-binding proteins) Binding was 
demonstrated by nuclear magnetic resonance, induced circular dichroism, fluorescence spectroscopy, 
and calorimetry, all methods giving self-consistent resuts. Selectivity for the target substrates was 
‘exceptional; minor changes to disaccharide structure (for instance, cellobiose to lactose) caused almost 


‘complete suppression of complex formation. 


arbohydrates are challenging. substrates 
C« hhost-guest chemistry (/-4). They 

Possess extended, complex structures that 
require large receptor frameworks for full 
encapsulation. The differences between them 
are often sublle (eg. the stereochemistry of a 
single hydroxyl group), so that meaningful se- 
lectivity ishard to achieve. Most particularly they 
are found in water and, with their mays. of 
hydroxyl groups, they quite strongly resemble 
‘water. The first task of a receptor is to discrim- 
inate between solvent and substrate, and in the 
case of carbohydrates this is clearly nontrivial. 
There is evidence that even nature finds the 
problem difficult, Though critical for many 
biological processes (5-7), protein/carbohydrate 
binding is remarkably weak (8). For example, 
lectins, the mest common class of natural receptors, 
quite often show affinities [association constants 
(K,)} of less than 10* M~' (9), Previous work on 
synthetic receptors points in the same direction. 
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Biomimetic (/0, 11) carbohydrate receptors have 
been sought to model natural recognition and 
also for applications such as glucose sensing, 
However, whereas good systems are available for 
‘organic solvents (J-3, 12-15), there has been 
very limited success in water (J-4, 16, 17). 

We have targeted carbohydrates with all- 
equatorial arrays of polar substituents, stich as 
Brelucose 1 (Fig. 1). These substrates have 
axially directed CH groups, forming small 
apolar patches at top and bottom. According- 
ly, our hosts incorporate roof and floor motifs 
composed of aromatic hydrocarbons, capable 
‘of hydrophobic attraction reinforced by CH 
interactions. These aromatic regions are sup- 
ported by pillars containing polsr groups that 
can hydrogen bond to the substrate -OH 
gxoups (Fig. 1). In prototypes of formula 2, the 
roof and floor are provided by biphenyl units, 
and the pillars are isophthalamides. Recently, we 
prepared a water-soluble (/8-20) variant of 2 and 
tested its ability to bind carbohydrates in aque- 
‘ous solution (27). The system was successful 
but not spectacular. Glucose was bound mea- 
surably but weakly (K, = 9 M~') and with mod- 
crate selectivity (€.2., glucose: galactose = ~S:1). 


‘Though encouraging, these properties are hardly 
‘comparable to those of lectins 

In biology, most carbohydrate recognition 
involves oligosaccharides, so we were interested 
to leam if these extended substrates could be 
addressed by our strategy (22-26). We therefore 
‘considered larger versions of our receptor, aimed 
‘at all-cquatorial disaccharides such as cellobiose 
4 (Fig. 1), We now report the design, synthe- 
sis, and study of tetracyclic disaccharide recep- 
tor 3. This host achieves a dramatic leap in 
performance, showing good affinities and out 
standing selectivities for its chosen substrate It 
‘comes remarkably clase to trie biomimicry and 
‘provides a realistic synthetic model for protein’ 
cearbohiydrate recognition. 

Receptor 3 is constructed from two build- 
ing blocks. A meta-terphenyl structure provides 
the roof and floor, defining the length of the 
cavity, and isophthalamide units serve as pillars. 
Each pillar includes two amide linkages, with 
‘the potential to hydrogen bond to the -OH 
groups in 4. The pillars are also fumished with 
cextemally directed tricarboxylate units, (0 pro- 
mote solubility and resist aggregation in water. 
‘An important consideration was the possibility 
‘of cavity collapse, allowing the aromatic surfaces 
fo meet. In aqueous solution, such a process 
should be strengly favored, driven by hydrophobic 
interactions. To counter this tendency, the design 
incorporated five of the rigid isophihalamides, 
spaced fairly evenly around the terphenyl units. 
Molecular modeling (27, 28) confirmed. that 
collapsed structures were strongly disfavored; 
all conformations found within 20 kJ mot ' of 
the baseline possessed substantial cavities. 

‘The receptor was synthesized from benzenoid 
precursors via Suzuki-Miyaura couplings and 
miscrolactamizations (29). As expected, it dis- 
solved freely in water to give well-resolved 'H 
‘nuclear magnetic resonance (NMR) spectra, im 
plying a monomeric species (fig. $4). Initial 
‘complexation studies were performed using 'H 
NMR titrations with cellobiose 4 as a substrate. 
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‘The spectra show clear indications of binding growth of a new set of signals. These changes 
(Fig. 2A). Sequential disaccharide additions are consistent with complex formation, in which 
caused decay of the receptor spectrum and exchange between bound and unbound forms is 
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Fig. 1. The design of receptors for allequatorial carbohydrates (Top) f-0-Glucose 1. and complementary 
‘receptor framework 2. Polar and hydrophobic moieties are shown in red and blue, respectively. X can be varied 
to control solubility. Versions of 2 are described in (19-21). (Bottom) saccharide receptor 3, reported 
herein, and cellobose 4, an intended substrate. The roof and flor of 3 are provided by meta-terphenyl units 
(tive). There are five sophthalamie pilars, two at either end (red) and one located centrally (magenta). The 
‘water solubilizing trcarboxylate units are shown in green. The molecule has two planes of symmetry, one lying 
parallel to and between the terphenys, and the other passing through the central (magenta) isophthalarride. 


Fig. 2. Evidence for complex formation between receptor 3 and 
<cellobiose 4. (A) Partial "H NMR spectra from the addition of 4 to 
3 in 0,0. The signals shown are due to receptor aromatic 
‘protons. The concentration of 3 = 0.5 mM. (B) ICD caused by the 
addition of 4 (0 to 7 mM) to 3 (0.25 mM). 2, wavelength. (C) 
Increase in fluorescence output caused by the addition of 4 (0 to 
'9' mM) to 3 (0.01 mM. CPS, counts per second. (D) Analysis of 
data from (C) by nonlinear least-squares curve fitting, assuming 
4:1 binding stoichiometry. K, = 560 M”, limiting ACPS = 320 
CPS. Observed and calculated points are almost coincident. 


slow on the NMR time scale. As the titration 
proceeds, signals due to the receptor are replaced 
by those of the complex. The spectrum of 3 is 
relatively simple, reflecting its symmetry; al- 
though there are 33 aromatic protons, there are 
‘only 11 distinct environments. However, ance 
the disaccharide is bound, all of these environ- 


The affinity of 3 for cellobiose was est 
mated by integration of an NMR signal from 
the complex against that of an internal stan- 
dard (29), Errors were significant because of 
signal overlap, but an approximate value of 
~600 M’" could be obtained (figs. SS and $6), 
To improve accuracy, binding was also in- 
vestigated by induced circular dichroism (ICD) 
and fluorescence spectroscopy (29). The addi 
tion of cellobiose to 3 in water gave a clear ICD 
signal (Fig. 2B) and also a 370% increase in 
fluorescence output (Fig. 2C), Titration data 
from both methods gave excellent fits to a 1:1 
binding model, with X values of $70 M~! and 
360 M'', respectively (Fig. 2D and fig. $14). 
For final confirmation, isothermal titration 
calorimetry was also applied, The fit to @ 1:1 
model was again good, with Ky = 650 M"', 
‘change in enthalpy AH = -3.22 keal mol”', and 
TAS » 0,62 keal mol” (where T is temperature 
and AS is the change in entropy) (fig. $13). 
‘Complex. formation is mainly enthalpically 
driven and therefore not dominated by the 
classical (entropy-driven) hydrophobic effect 
(30), The balance between enthalpy and entropy 
lies comfortably within the range observed for 
lectins (9), supporting a lectin-like binding mode 
involving both hydrogen bonding and apolar 
interactions (37). 

[NMR studies yielded quite detailed structural 
information about the complex, Two-dimensional 


200 
180 

2 100 

$ =cPs.cale 
ae TERS cteaned 


c 
: 
lA 
2 AS 
sz / 
: 


310 390 350 370 300 
(nm) 


‘0.000 0.002 0.904 0.006 0.008 
[4] (mol.L") 


26 OCTOBER 2007 VOL318 SCIENCE wwwsciencemag.org 


Table 1. Binding constants of carbohydrates to 3 in aqueous solution, as measured by 7H NMR, ICD, 
and fluorescence titrations. Aqueous solution is defined as D;O for the NMR measurements and H,0 for 
CD and fluorescence. T = 298 K, except where indicated. ND indicates not done. For structural formulas 
of 5 to 16, see Fig. 4. 


K,() 
Carbohydrate z 
HNMR (2) Fluorescence 

o-Cellobiose (4, 1-OH:10-OH = 3:2) 600" 580 360 
Methyl fro-cellabioside (5) t 10 850 
o-Xylobiose (6) $ 250 270 
o-NNdiacetylchitobiose (7) 120" ND 120 
o-Lactose (8) t n 4 
o-Mannobiose (9) t B 9 
o-Maltose (20) t 5 n 
-Gentiobiose (212) ND 2 5 
o-Trehalose (22) " ND 
o-Sucrose (23) ND " " 
o-Glucose (14) nts R u 
o-Ribose (25) ND " " 
o-N-acetylglucosamine (16) zt ND 9 


*Slow exchange on the NAR time sale. {fast exchange on the NAR ine sale. Pntermedbte exchange (ending w brosd 
‘peaks and preventing the determination of). ST-= 278K. lINo change In spectrum upon addion of carbohydrate 


Fig. 3. (Top) NOESY contacts observed for the complex between f-cellobiose and receptor 3. 
(Bottom) A computational model of the complex, consistent with the NOE data. Water-solubitizing 
side chains are omitted for clarity. The cellobiose is colored pink, and the terphenyl units are shown 
in space-filling mode. Polar interactions are represented as dotted lines. Black, carbon; red, 
‘oxygen; blue, nitrogen; and white, hydrogen. 
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‘rotuting-frame nuclear Overhauser effect spectros 
copy (ROESY) shows chemical-exchange ross 
peaks linking bound and unbound cellobiose 
‘chemical shifts, so that the shifts for the bound 
‘carbohydrate could be determined (figs. $70 $9). 
Cllobiose in solution consists of & 233 mixture of 
‘cand B anomers (4a and 4), with the Cl-OH 
‘group in the axial and equatorial orientations, 
respectively. For 4B, a full set of cross peaks 
was observed, and a complete assignment was 
therefore possible (table SI). All the carbohy- 
drate protons moved upfield upon binding, by 
amounts between 0.5 and 2.1 parts per million. 
Such changes are consistent with the expected 
structure, in which the distccharide is. sand- 
wiched between the aromatic surices 

Results from nuclear Overhauser effect spec- 
troscopy (NOESY) further support this mode of 
binding. A strong cross peak between the cel- 
lobiose 1" and 4 protons established that the 
‘lycosidic linkage was in the syn conformation 
(32), giving the required flat profile (Fig. 3). 
Intermolecular cross peaks were observed be 
tween aromatic receptor signals and all carbohy- 
<drate chemical shifts (ig. $10). The involvement 
‘of protons fiom both faces of the disaccharide 
provides clear proof of encapsulation, The aro- 
‘matic region ofthe spectrum was too crowded for 
‘8 comprehensive analysis but a few contacts 
ccoulld be identified unambiguously (Fig. 3). 
Strong NOE signals of similar intensities were 
‘observed between H2' and two protons in the 
crescent of the terpheny! (A and B in Fig, 3), A 
similar pair of contacts were detected between 
H2 and two exterior terphenyl protons (C and D 
in Fig. 3). A further strong NOE was found 
‘between H3*and the terphenyl HA’, and a weaker 
signal was observed between H1’ and HB’. The 
2--AB contacts were used as constraints for 
molecular modeling, in which a Monte Carlo 
‘molecular mechanics search was performed with 
bboth distances held at 2.5 A, and then the re- 
sulting conformations were reminimized with no 
constraints (27, 28). The baseline structure is 
shown in Fig. 3. It retains the 2'-A/B contacts 
(2.63 and 2.87 A) while independently predicting 
‘the 2-C/D contacts (2.58 and 2.78 A), the 3'-A" 
proximity (3.04 A), and the longer 1"-B¥ distance 
(3.44 A), The structure features 8 intermolecular 
‘hydrogen bonds and ~10 CH-m interactions and 
seems a persuasive model forthe complex. The 
chiral guest imparts a twist t the host, consistent 
with the observed ICD. 

The NMR spectra were also examined for 
evidence of binding to 4a. Again, the ROESY 
spectra showed cross peaks between bound 
‘and unbound carbohydrate, allowing for the as- 
signment of most disaccharide protons (table 
$2). However, NOESY spectra suggest that the 
binding was weaker. If so, the affinity for 4B 
must be greater than the measured value of 
~600 MC, considering that this figure is. an 
average for the two anomers 

To assess its selectivity receptor 3 was tested 
‘against 10 disaccharides and 3 monosaccharides 
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Fig. 4. Carbohydrate substrates used with receptor 3 (in addition to cellobiose 4). For binding 
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5, See Table 1. Me, methyl; Ac, acetyl. 


(Fig. 4 and Table 1) (29). Atleast two techniques 
‘were applied in each case (33). Agreement between 
the methods was generally good. Methyl B-o- 
collobioside § might be seen as a model for 4B. 
and was bound with K, ~900 M!, Two closely 
related all-cquatorial disaccharides, xylobiose 6 
and NWV'diacetylchitobiose 7, were complexed 
‘somewhat less strongly (K, = 260 and 120 M', 
respectively). Of the remaining substrates the high- 
est value was ~20 M-' (for N-acetyiglucasamiine 
16). Most remarkable were the results for lactose 
{8 and gentiobiose 11. The former possesses just 
‘one axial OH group, the latter an all-equatoral 
structure that is slightly longer than 4. In both 
ceases, the change from 4 was enough to reduce 
the binding constant to ~12 M"', Indeed, the 
selectivity for 4 versus nontargeted disaccharides, 
‘was generally ~50:1 or better. 

‘The 'H NMR measurements also provided 
information about binding kinetics. Whereas 
binding to 4 and 7 was slow on the NMR time 
scale, exchange of the other substrates. was 
intermediate or fast (Table 1). This behavior 
lies within the range for lectins, which can 
show fast or slow exchange by NMR (34, 35). 
‘The differing exchange rates were exploited in 
«4 competition experiment that confirmed the 
receptor’s selectivity for cellobiose 4. The 
addition of eight nontarget substrates (8 and 
10 10 16; 20 mM each) to 3 caused broadening 
and shifting of the receptor 'H NMR signals, 
as is expected for intermediate o fast exchange 
(fig. $52), However, upon further addition of 
only 9 mM 4, these signals were replaced al- 
‘most quantitatively by the spectrum of complex 
344. The eellobiose complex was thus formed 
nearly exclusively in the presence of an 18-fold 
excess of nontarget carbohydrate, The experi- 
‘ment shows that, like a natural lectin, receptor 3 
can bind its target from a complex mixture of 
potential substrates, 

In terms of affinity, receptor 3 cannot match 
the highest values found in nature (36). How- 


ever, the K, value for B-cellobiosyl (approach- 
ing 10° M) is comparable to that for many 
‘carbohy drate/protein interactions (9). Moreover, 
the specificity of 3 for a narrow class of sub- 
strates is high, even by biological standards. 
This performance is achieved with a system that 
is far smaller than a typical lectin, The sense of 
selectivity accords with the design, which was 
specifically aimed at all-equatorial disaccha- 
Fides. The targets 4, 6, and 7 relate to important 
biopolymers. Cellobiose 4 is the repeat unit of 
cellulose, the most abundant organic material on 
carth and a major renewable resource. Xylabiose 
6 and N.N'-dincetylchitobiose 7 are representative 
of xylan and chitin, the most abundant polysoccha- 
Fides affer cellulose. Both are important resources, 
and chitin is a potential tt for insecticides and 
antifungal agents (37), Futher work may lead to 
mokaules that can bind the polymers themselves, 
‘with potental for applications in processing (c, 
solubilization) and biomedical rescarch, 
Synthetic lectins could also be immobilized 
and used to separate carbohydrates or glycocon- 
Jjugates, or they could be fitted with transducing 
elements (such as fluorophores) to give specific 
saccharide sensors. In the shorter term, receptor 
3 provides a realistic model for carbohydrate- 
binding proteins. Affinities, selectivities, ther- 
modynamic parameters, and kinetic properties 
all lie within the spread of values observed for 
lectins. At the same time, the receptor possesses 
robust, covalently enforced binding cavity. 
This should allow studies under conditions that 
would denature proteins, adding an important 
tool for exploring the principles underlying 
biological carbohydrate recognition. 
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Upper Mantle Discontinuity 
Topography from Thermal and 
Chemical Heterogeneity 


Nicholas Schmerr* and Edward J. Garnero 


Using high-resolution stacks of precursors to the seismic phase SS, we investigated sefsmic 
discontinuities associated with mineralogical phase changes approximately 410 and 660 kilometers 
(km) deep within Earth beneath South America and the surrounding oceans. Detailed maps of phase 
‘boundary topography revealed deep 410- and 660-km discontinuities in the down-dip direction of 
subduction, inconsistent with purely isochemical obvine phase transformation in response to lowered 
temperatures. Mechanisms invoking chemical heterogeneity within the mantle transition zone were 
‘explored to explain this feature. In some regions, multiple reflections from the discontinuities were 
detected, consistent with partial melt near 410-km depth andlor additional phase changes near 660-km 
depth. Thus, the origin of upper mantle heterogeneity has both chemical and thermal contributions and 


is associated with deeply rooted tectonic processes. 


lobally imaged upper mantle seismic 

discontinuities (1) observed at depths 

near 410, $20, and 660 km arise fom 
‘mineralogic phase transformations of the mineral 
olivine to wadsleyite, wadsleyite to ring woodite, 
and ringwoodlite to perovskite + magnesiowiistite, 
respectively (2) (Fig, 1A), For simplicity, we 
refer to each discontinuity by an average depth, 
for example, “410 km” and 660 km,” although 
the exact depth of each boundary varies, The 
region between 410 km and 660 km is known, 
4s the mantle transition zone (MTZ). The slope 
Of the phase transition boundary in pressure- 
{temperature space, that is, the Clapeyron slope, 
is positive for the olivine-o-wadsleyite transition 
(3), resulting in a shallower 410-km discontinuity 
in cold regions and a deeper 410 km in hot areas. 
‘The ringwoodite-to-perovskite phase transition 
‘has a negative Clapeyron slope (4): therefore, the 
(660 km is deeper in cold areas and shallower in 
hhot regions. Consequently, 410- and 660-km 
depth perturbations are opposite and. anticorre- 
lated for thermal anomalies extending across the 
MTZ, which has been used in past studies to infer 
‘mantle temperature [e-., (5-8)]. 

We investigated upper mantle structure be- 
‘neath South America and the surrounding oceans, 
4 region with prolonged subduction of the Nazca 
plate along the westem coast of South America, 
‘mid-ocean spreading centers at the mid-AWlantic 
ridge and along the East Pacific Rise, and several 
Volcanic hotspots. Seismic investigations of 
MTZ thickness and discontinuity structure be- 
neath South America have used precursors to the 
‘SS seismic phase (Fig. 1), receiver functions 
(9), and. nearsource reflected and converted 
waves (10, 11). Past SS analyses of this region 
‘were global studies (5-7) reliant on long-period 
(25) and comparatively sparse data, retrieving 


Arona State University, School of Earth and Space 
Exploration, Box 872404, Tempe, AZ 85287-1404, USA 
“To whom correspondence should be addressed. E-mail 
schmer@asu.edu 


yaw. sciencemag.org_ 


long-wavelength structure (typically greater than 
2000- to 3000-km lateral scales); receiver func- 
tion and con verted wave analyses provide higher- 
resolution information but are localized to areas 
beneath scismographic stations. Where resolved, 
these studies identified a relatively thick MTZ 
beneath South American subduction, consistent 
with the expected presence of a cold slab. 

We extended our SS precursor method (/2) 0 
shorter period energy (~10 s) with an order of 
magnitude more data that past efforts, using 
broadband data from global earthquake sources 
Fig. 1B). Our final data set consists of more than 
16,000 high-quality broadband seismograms that 
densely sample our study region (Fig. 10). SS 
precursor amplitudes are typically 1 10 10% of 
the main SS amplitude: thus, stacking is neces- 
sary to bring precursors out of the background 
noise (Fig. 1A). we stacked data in 1000-km- 
radius geographic bins. We exclude epicentral 
distance windows exhibiting interference be- 
tween precursors and other seismic phases that 
‘can skew predicted discontinuity depths (figs. St 
and S2), Before stacking, corrections for mantle 
heterogeneity, varying crustal thickness, and sur- 
face topography are applied (/3). 

‘A bootstrap resample (n = 300) (14) of seis- 
‘mograms within cach bin is used 10 evaluate 
whether the 410-km ($4105) and 660-km 
(86605) precursor stacks amplitudes are above 
the 95% confidence interval. For each bin, a 
frequency histogram of bootstrap-predicted pre- 
‘cursor depths is constructed from the arrival time 
‘ofthe maximum-stacked amplitude within a +15 
window around the predicted precursor arrival 
time in each bootstrap resample. Stacks contain- 
ing coherent precursory energy display ampli- 
tudes well above the 95% confidence interval; at 
long periods (25 5), calculated discontinuity 
depth bootstrap histograms display clear single 
Peaks, with the most frequent histogram value 
nearly identical to the peak precursor energy 
arival time from a stack of all data (Fig. 2). 
However, at shorter periods (10 s), the bootstrap 
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derived discontinuity depth distributions some- 
times reveal a bimodal distribution, implying 
multiple reflectors. We use such histograms for 
inferring single versus multiple reflections near 
the phase boundaries. 

Discontinuity depth histograms for bins near 
specific tectonic features indicate an MTZ gen- 
‘rally thickened beneath subduction and slightly 
thinned beneath mantle hotspots (figs, S3 and 
4). The 410-km discontinuity is unexpectedly 
deep by up 0 10 10 1S km just east of the 
subducting Nazca slab beneath the north and 
‘central portion of the South American continent 
(Fig, 3); tis is the opposite of what is expected 
for a cold MTZ associated with long-lived 
subduction, The 660-km discontinuity beneath 


Fig. 1. (A) Schematic cross-section of 55, $4105, 
and 56605 upper mantle ray paths halfway 
between earthquake and receiver with dominant 
MTZ mineralogy: olivine (0D, orthopyroxene (px), 
majorite (maj), wadsleyite (wds), ringwoodi 
(rw), Ca-perovskite (Ca-pv), magnesiowistite 
(mw), Mg:perovskite (Mg-pv). A synthetic wave- 
form is shown on the left (B) The distribution of 
earthquakes (black points) and seismic stations 
(green triangles) used in our study region (outlined 
bow). () The location of SS bounce points (black 
‘dots) and major tectonic features (30) and hotspots 
(31). A 1000-km-radius bin is shown for scale. 
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subduction and the South American continent is 
deepened by 15 to 30 km, consistent with cold 
‘material intersecting this boundary. The thick- 
ened MTZ (fig. $4) is due to a greater offset of 
the 660-km discontinuity than for the 410 km. 
‘These features are independent of the tomog- 
‘raphy models used to correct travel times before 
stacking (fig. $3) and are visible in past studies of 
this region (5, 9), although those studies focused 
‘on MTZ thickness, 

In addition to the depressed 410 km to the 
cast of substuction, multiple reflectors on both the 
410- and 660-km discontinuities are evident for 
the 10-8 period stacks, This behavior occurs atthe 
intersection of the stab and the 410-km boundary, 
as indicated by the bimodal distribution in the 
histogram depths: a shallow reflector at 395- to 
400-km depth and a deeper reflector at 41040 415 
‘km. In several cross-sections, an elevated 410 km. 
from the west overlaps a depressed 410 km to the 
east, A stepped 410-km discontinuity also 
appears beneath ridges or hotspots in several 
‘eoss-sections. Additionally, on the Pacific Ocean 
side, the 660 km appears as two reflectors, one at 
{640-t0 645-km depth and another at 665- t 670- 
km depth, up to 3000 km away from the slab 
Multiple discontinuities are only apparent with 
short period data (Fig. 2}; these high-resolution 
shear velocity features have not been previously 
detected using SS precursors. However, some 
studies of PP precursors (15), near-souree re- 
flected P_waves (/6), and receiver function 
studies (/7) have noted multiple discontinuities 
in the vicinity of the major phase boundaries. 

‘The depressed 410-km discontinuity east of 
cold subducting Nazea plate cannot be solely 
explained by a thermal origin. If present, meta- 
stable olivine within the slab may depress the 
4104km boundary (/8}; however, this effect is 
confined to within the slab (¢.g., 50 to 100 km 
laterally, not thousands of kilometers), Composi- 
tional heterogeneities transported by the sinking 
slab can perturb phase transition stability, depth, 
and sharpness (19). 

Subduction may carry an appreciable amount 
‘of H20 into the MTZ, either within the slab or by 
Viscous entrainment of hydrated mantle wedge 
‘material (20). Experiments suggest that wadsley- 
ite and ringwoodite are hydrophilic relative to 
olivine and capable of holding up 10 several 
weight percent (wt %) H30 (2/, 22). Increasing 
H,0 reduces the olivine-to-wadsleyite phase 
transition depth and deepens that of ringwoodite 
to perovskite + magnesiowiistte. Thus, elevated 
hhydration thickens the MTZ while reducing 
MTZ seismic velocity and density (20), Hydrated 
‘wadsleyite is chemically buoyant compared with 
its anhydrous counterpart (22) and should remain 
at the top of the MTZ, potentially melting (23). 
Hydrated wadsleyite can seismically mask the 
410-km phase boundary if the HO concentration 
is 20.75 wt % (fig. $16); the transition from 
hydrated upper MTZ to less hydrated lower MTZ 
can produce a seismic impedance contrast con- 
sistent with experimental predictions and. with 
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Fig. 2. Histogram stacks for $4105 and 56605 precursors in five example bins (inset map). Data are 
low-pass filtered at 25 s (left) and 10 s (right). NR is the number of records in each stack, Stacked 
traces (solid black lines) are underlain by energy falling above the bootstrap 95% confidence interval 
(orange) and a histogram of the peak bootstrap amplitudes (gray). Discontinuity depths are picked 
for the peak amplitude of the stacked trace (blue lines) and the mode(s) of the bootstrap resample 


(green triangles). 


our observations. A hydrated “tens” of wadsleyite 
atthe top of the MTZ (Fig. 4 and figs. $1610 S18) 
‘can thus appear as a deepened 410-km_dis- 
‘continuity. The large east-west lateral extent of 
the buoyant hydrated wadsleyite lens is consistent 
with trench rollback migrating the input of 
hydrated materials westward. Seismic reflections 
from the base of the lens should weaken with 
either decreased HO content (as expected to the 
east away from the slab) or broadening of the 
welto-dry wadsleyite transition, We observe 
decreased 5410S amplitudes from the large-scale 
depressed 410-km boundary (fig. S17). 

Other possibilities can produce topography 
‘on the 410-km discontinuity. For example, 
experimental work on Mg;Si0,-Fe,SiO, at high 
pressures and temperatures finds that enriching 
Mg relative to Fe increases the pressure of the 
olivine to wadsleyite phase transition [e-., (24)]. 
Increasing the Mg content of (Mg.Fe);SiO, from 
the expected 89% Mg to 92% Mg results ina 7- 
to 10ckm deeper 410-km discontinuity. This is 
‘ot unexpected, because melting inthe overlying 
‘mantle wedge preferentially extracts Fe, eaving a 
magnesium-enriched residue that should be 
viscously entrained and brought into the MTZ. 
{ftrench rollback migrates the input of entrained 


wedge residue westward, a compositionally vary 
ing 410-km discontinuity trough may result (fig, 
SI8D). Both interpretations depend on mantle 
wodge chemistry, degree of viscous coupling, 
‘and the detailed history of tench rollback, which 
‘are not precisely known. 

The long-wavelength depression on the 
(660-km discontinuity beneath South America 
(Fig. 3 and figs. $$ 10 S15) isconsistent with either 
‘aremnant thermal anomaly from the previous stab 
location or past stalling and/or accumulation of 
slab material at the 660-km discontinuity that 
‘has since subducted into the lower mantle. A 
deepened 410-km discontinuity overlying a wide 
‘660-km discontinuity depression has been sim 
ilarly observed to the west of Japan (25, 26). 

The 660-km discontinuity is elevated 5 to 10 
km directly beneath the East Pacific Rise and the 
Mid-Adiantic Ridge (Fig. 3, profiles A-A’, B-B', 
and C-C’). There is evidence for multiple 
reflections fiom the 410-km in these regions, 
consistent with a melt layer in warmer mantle 
‘enriched in CO, oF H3O (27, 28). is widely 
agreed that seismic velocity reductions beneath 
mid-ocean ridges is confined to the upper few 
‘hundred km of the mantle, although a thinned 
MTZ beneath ridges underlain by an elevated 
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Fig. 3. East-west cross-sections of discontinuity topography and map giving 
cross-sections (green lines), bin locations (white circles), average record 
‘number (black crosses), and surface features (Fig. 1C legend). Discontinuty- 
depth histograms are plotted (as in Fig. 2) for each bin. Interpreted structure is 


drawn in green and dotted where less uncertain. Horizontal color bars denote 
locations of ridges (orange, the estimated location of slabs in the MTZ (blue), 
and hot spots (red) that intersect cross-sections (see also additional cross- 
sections in figs. $5 to $25), 


the slab (Le. aliasing of structure). Altematively, 
H0 content should be highest atthe slab, which 
may give rise to a localized melt layer atop the 
410-km boundary (/6), with a reflective interface 
at the top and bottom of the melt layer. The 
double discontinuity sometimes present near 
‘660-km depth may result from the ringwoodite 
to Mg-perovskite + magnesiowiistite transition 
underlain by a weaker discontinuity from the 
ilmenite (akimotoite) to perovskite transforma 
‘tion, which multisinvil experiments (29) suggest 
should occur in colder regions. The detection of 
‘multiple discontinuities supports the presence of 
chemical heterogeneity within the mantle and 


Fig. 4. An H,O-rich lens underplating the 410-km discontinuity in view, relative tothe East 


cross-section 
Pacific Rise (EPR), South American continent (SAm) and Mid-Atlantic Ridge (MAR). Trench migration 
contributes to the hydrated wadsleyite lens evolution, the base of which is detected in our study. The 
multiplicity of reflectors near 410- and 660-km depths may be explained by partial mett atthe 410-km 
boundary and by the presence of akimotnite below the 660-km discontinuity. 


(660-km boundary suggests that some MTZ ma- 
terial, at least locally, is warmer than the 
surroundings. 


‘The origin of double discontinuities near the 
slab may in part be due to lateral smearing of a 
step offset in the phase boundary on either side of 
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underscores the importance of phase changes in 
minerals outside the olivine system. 
High-resolution mapping of MTZ disconti- 
huities using broadband data reveal a deepened 
410-km near subduction, an up-warped 660-km 
‘beneath ridges, and multiple reflectors near 410- 
and 660-km depth. These observations highlight 
bboth chemical and thermal heterogeneities in 
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Earth’s upper mantle related to lange-scale con- 
veetive processes, 
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The Impact of Agricultural Soi 


Erosion on the Global Carbon Cycle 


K, Van Oost,” tt T. A. Quine,”* G. Govers,* S. De Gryze,’ J. Six,” J. W. Harden,* 
J.C. Ritchie,’ G. W. MeCarty,® G. Heckrath,* C. Kosmas,” }. V. Giraldez,” 


J. R. Marques da Silva,? R. Merckx! 


‘Agricultural soi erosion is thought to perturb the global carbon cycle, but estimates ofits effect 
‘range from a source of 1 petagram per year~* to a sink of the same magnitude. By using 
‘aesium-137 and carbon inventory measurements from a large-scale survey, we found consistent 
evidence for an erosion-induced sink of atmospheric carbon equivalent to approximately 26% of 
the carbon transported by erosion. Based on this relationship, we estimated a global carbon 
sink of 0.12 (range 0.06 to 0.27) petagrams of carbon per year"? resulting from erosion in the 
world’s agricultural landscapes. Our analysis directly challenges the view that agricultural 
‘erosion represents an important source or sink for atmospheric CO>. 


‘umans have drastically altered the global 

‘carbon cycle, mostly through inereased 

use of fossil fuels and land use change 

(). Global earth system models (2, 3) represent 
‘well the changes in carbon flux between soil and 
atmosphere resulting from the reduced carbon 
inputs to soil and the accelerated decomposition 
Of soil organic carbon (SOC) that accompany 
conversion of land from an undisturbed state to 
agricultural use (4, 5). In contrast, the carbon dy 
namics of the well-documented acceleration of 
soil erosion and deposition (and resultant lateral 
fluxes of SOC) associated with conversion of 
land to agricultural use are poorly understood (6). 
Soil erosion removes SOC from the site of 
formation and results in its burial in depositional 
environments. Recent analyses have identified 
three key mechanisms whereby these geomor- 
phic processes, together or separately, may result 
‘na change in the net flux of carbon between the 
soil and atmosphere (fig. SI). Mechanism M1 
involves replacement of SOC at eroding sites as a 
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result of continued inputs from plants and de- 
‘erease in SOC available for decomposition (6, 7 
‘mechanism M2 is the deep burial of allochtho- 
‘nous and autochthonous carbon (8) and inhibited 
decomposition upon burial (6, 9,10); and mech- 
‘anism M3 is the enhanced decomposition of SOC 
aasaresult of the chemical or physical breakdown 
Of soil during detachment and transport (17). The 
fundamental controls on the magnitude of the 
crosion-induced sink or source are then the rate at 
Which SOC is replaced at sites of erosion, changes 
in the reactivity of SOC as a result of transport 
and burial, and the rates of soil erosion and 
deposition. Previous global assessments of the 
influence of erosion and deposition on carbon 
‘dynamics have made markedly different assump- 
tions about these controls, resulting in the diamet- 
Fically opposed assertions of a global net release 
‘of source of 0.37 to 1 Pg C year ' (12, 13) ver- 
sus a net uptake or sink of 0.56 to 1 Pg C year * 
(6, 9, 10) as a consequence of erosion on agri- 
‘cultural lands. 


‘The controversy about the role of erosion in 
the global carbon cycle reflects the inherent dif 
ficulty of quantifying a net flux controlled by 
interacting processes that are most often st 
in isolation. We examined the integrated effect of 
the interacting processes using evidence for (i) 
the rate of SOC replacement at sites of erosion, 
(ii) the fate of the eroded and buried SOC within 
agricultural watersheds, and (iii) global soil ero- 
‘sion and soil carbon erosion nites (/4), The first 
two lines of evidence were derived from a com- 
prehensive large-scale survey of the SOC and 
caesium-137 ('7Cs) inventories (mass per unit 
area to given depth) of agricultural soils in Europe 
and the United States (table $1) that allows us to 
assess quantitatively the relationships between 
lateral and vertical SOC fluxes. We examined 
1400 soil profiles from 10 watersheds (1 to 14 ha), 
including noneroded soils and eroding hillslopes 
as well as colluvial soils where sediment and 
‘SOC are buried. The artificial fallout radioisotope 
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Table 1. Watershed-averaged sediment and SOC budgets derived from the model simulations for the intermediate scenario. The rates are representative of the 


whole period of agricultural activities. 
ile nein Lateral sediment lateral SOC transfers* Vertical carbon transterst Ratio vertical 
transfers (Mg ha™* year™*) (gC m* year) (gC m” year) Lateral carbon fluxt (9%) 
Ero Depo Ero Depo Eo Export Eo Depo Min Mean Max 
45 20 27 165 B2 36 25 00 7 19h 
45 ot 14778 28 60 S714 43 4555 
a 6 me 114 166 19 52 23 nes 
3320 152 92 106 42 32-11 2730 
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Fig. 1. Erosion-induced vertical carbon exchange between soils and atmosphere derived from 1400 
profile measurements, grouped by lateral SOC fluxes (ie., SOC erosion rates; postive values indicate 
‘erosion, negative deposition). SOC erosion is derived from the simulated SOC content (%) forthe topsoil 


averaged over the watershed and prof 


erosion rate derived from the "”Cs data. Positive vertical 


file-specitic 
‘exchange indicates a net flux to soils (ink); negative values indicate a flux tothe atmosphere (source). The 
values are derived from the intermediate model scenario (14). The ranges of carbon erosion rates are ~10 
t0 10, 10 to 20, 20 to 35, 35 to 50, and >50. Bar heights indicate mean values; error bars indicate 95% 
confidence intervals. Bars are centered on their median carbon erosion rate, and the width is proportional 
tothe SD. The solid line represents the watershed-averaged relation (i.e, 26% and 0% replacement for 
the eroding and depositional areas, respectively; see Table 1). 


"7Cs was used as a tracer for soil material to 
determine rates of lateral soil transfer and the 
‘corresponding rates of subsoil excavation and soil 
burial relative to uneroded sites. The net vertical 
(soilto-atmosphere) carbon flux associated with 
erosion and deposition was derived by establish 
ing the difference between measured SOC inven- 
tories and SOC inventories simulated to result 
from lateral redistribution of SOC while assum- 
ing no net exchange of carbon between soil and 
atmosphere (/5). The third line of evidence is 
provided by revised estimates of the contempo- 
‘ary global lateral fluxes of sediment and SOC in 
agricultural landscapes as a result of water and 
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tillage erosion (the effect of wind erosion is not 
addressed). These estimates were derived using 
spatially explicit modets of soil erosion in con- 
{junction with global databases of land use, sol, 
climate, and SOC. 

Mean rates of sol loss from the eroded areas 
in the 10 watersheds that we examined ranged 
from 4 to 23 Mg ha ' year '. These high rates of 
soil erosion were associated with rates of SOC 
export from the eroded areas that ranged from 3 
to 32g Cr year ' (Table 1), The SOC budgets 
‘of all watersheds derived here (Table 1) are 
‘consistent with the operation of mechanism MI, 
in which the eroded areas ofall 10 watersheds are 


found to act as sinks of atmospheric carbon, with 
a range of uptake from 1 to 6 gC m™* year ', 
This behavior is consistent with results of sinm- 
lation studies (6-18) and with field data on the 
age of earbon and the presence of new carbon in 
‘eroding soil profiles (7). Despite large variability 
in climate, sols, and agricultural management, 
there is a correlation between sink strengt and 
rates of SOC erosion found in the data for the 647 
profiles subject to net erosion (Fig. 1). The aver- 
‘age vertical Lateral flux ratio (carbon sink:SOC 
‘erosion ratio) is 0.26 (40.08), whether derived 
‘using point data (Fig, 1) o integrated watershed 
data (Table 1, range of 0.11 to 0.55), The con- 
sistency of this proportion suggests that it can be 
used with predictions of lateral carbon fluxes (car- 
‘bon erosion) to derive reliable estimates of sink 
strength under a wide range of elimatic and man- 
‘agement regimes. In deriving this proportion, we 
have taken into account site to site variations in 
‘the amount of subsoil SOC incorporated into sur 
face horizons by erosion and variations in the 
SOC inventories. Furthermore, because only a 
{faction of the carbon exported from the eroded 
areas since the start of cultivation has been re 
placed by additional carbon derived from the 
atmosphere, the SOC inventories of eroding pro 
files have been subject to progressive depletion. 
“The proportion of eroded SOC that is replaced is 
similar to the magnitude of the active SOC pool, 
‘which tums over within years to decades, and it 
seems probable that this pool undengoes most 
rapid replacement (/9). The more passive pools 
‘accumulate as a result of a slow cascade of 
transformations, and both a longer period of time 
and a larger total throughput of SOC are required 
1 replace these. 

Although replacement of exported carbon at 
sites of erosion provides a sink of atmospheric 
carbon, the net effect of erosion and deposition 
‘on carbon exchange with the atmosphere is 
dependent on the fate of the SOC exported from 
the eroded areas. In the 10 sites examined here, 
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depositional environments found here are applied 
10 the world’s agricultural soils, the erosion- 
induced sink strength is~0.12 PgC year"! (range 
(0.06 to 0.27) (22), of which 67% is accounted for 
by croplands. 

‘The analysis presented here corroborates the 
‘hypothesis of an erosion-induced sink (6). How- 
ever, our estimate is smaller than other estimates, 


48's 


as 


avs 


Fig. 2. (Top) Simulated global distribution of cropland SOC erosion by water and tillage. (Bottom) 
Simulated global distribution of agricultural carbon erosion (cropland + pasture- and rangeland) 


(Mg C ha~* year"). 


53 to 95% of eroded carbon was conserved and 
found to be redeposited within the watersheds 
‘over an area covering 14 to 35% of the water- 
shed. This is consistent with earlier reports of 
the large amounts of retained erosion in water- 
sheds (20). 

In contrast to the areas of net erosion, the 256 
profiles subjected to deposition show variation 
from a net source to a net sink (Fig. 1), with a 
Watershed-averaged mean of 0-1 gC mr? year * 
(Table 1), These data suggest that preservation of 
buried carbon (mechanism M2) is effective and 
that, atthe sites investigated, losses associated 
‘with transport (mechanism M3) are relatively 
‘minor. It appears that SOC redeposited within a 
short distance ofthe site of erosion, asin the sites 
‘examined here, is retained. Therefore, atthe scale 
Of the watershed/zero-order basin in which ero- 
sion and deposition occurs, the net exchange with 
the atmosphere is.a sink, the magnitude of which 
is determined by the replacement of carbon at 
eroded locations with no measurable offset or 
additional contribution from the proximal depo- 
sitional areas (6). The composite magnitude of 


the sinks derived a this scale also sets the upper 
limit for the larger (landscapeiregional) scale 
sink. However, it must be recognized that the fate 
‘ofany SOC exported into the fluvial network and. 
transported to distal depositional environments 
\will determine the extent to which the landscape! 
regional scale sink magnitude approaches this 
‘upper limit (21). 

‘On the basis of this analysis, the two most 
important controls on sink magnitude are ident- 
fied as the rate at which SOC is eroded and the 
proportion of eraded SOC that is replaced at the 
sites of erosion. The last has been constrained by 
the analysis above. Using the models described 
in the (/4), we estimate thatthe global contem- 
Porary agricultural sediment flux on cropland is 
bout 22 Pg year and that an additional approx 
imately 11 Pg year ' is mobilized on pasture- and 
rangelands (table S2). These sediment flux esti- 
‘mutes comespond with a cropland SOC erosion 
rate of 0.32 Pg C year and a total agricultural 
SOC erosion rate of 0.47 to 0.61 Pg C year? 
(Fig. 2), When the rate of SOC replacement on 
eroded soils and the reduced decompesition in 


which range between 0.56 and 1.2 Pg C year! 
(6, 9, 10), The reasons for this difference are 
twofold. First, global emsion rates have been 
‘overestimated in some studies because of a 
reliance cither on acral extrapolation of a limited 
‘number of plot experiments that are strongly 
biased toward stcep slopes and fallow conditions 
(23) oron very coarse-grid implementation of hill 
slope erosion models (24, 25). Our approach, 
Which explicitly secounts for watershed-scale 
processes ata very fine spatial resolution, yields 
‘erosion rates that reflect that most agriculture is, 
situated on lowlands with relatively low relief 
intensities and consequently low erosion rates 
(26). Second, previous estimates were largely 
‘based on analysis of SOC stabilization in dep- 
csitional environments and implicitly assumed 
that SOC contents were at steady state at eroded 
areas (i, 100% replacement of eroded SOC) 
(9, 10). We suggest that dynamic replacement of 
‘eroding carbon (6) is limited to the active carbon 
pools, which constitute on the order of 25% 
rather than 100% of the eroded carbon, and that 
this limits the magnitude ofthe atmospheric sink. 
Even the relatively modest sink that we derive 
may overestimate the rue sink, because we have 
not accounted for decomposition lasses from the 
‘exported SOC (2/) and because the 26% replace- 
ment that we used is based on data from high- 
input agricultural systems, which may be less sen- 
Sitive to yield decline than are low-input systems 
27,28), 

‘Our analysis shows that vast quantities of sed= 
iment and SOC (0.47 to 0.61 Pg C year!) move 
laterally over Earth's surface as a result of agri- 
cultural erosion. The erosion conveyor excavates 
subsoil at eroding locations, transports it down- 
‘slope through surface horizons, and buries former 
top-layer soil in depositional areas. Henes, both 
the spatial and vertical profile distribution of SOC 
in agricultural landscapes is continuously evolv- 
ing, and carbon stock assessments based on top- 
soil sampling only is likely to result in erroneous 
interpretations and conclusions. Inclusion of tll- 
age erosion, which is generally not included in 
studies of lateral SOC fluxes (/6), substantially 
increased the flux as well as the area over which 
these processes take place, Our results indicate 
that over the past 50 years, globally, ~16 wo 21 Pg 
‘C (29) have been buried within agricultural land- 
scapes. However, the long-term stability of these 
pools under present and future climate distur. 
bance remains highly uncertain (8, 30). The next 
steps in the quantification of the role of lateral 
SOC fluxes in the global carbon budget will e- 
‘quire consideration forthe potential increase in 
decomposition rates at sites of deposition as a 
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result of global warming, desiccation, land use 
change (37), and re-excavation by increased rates, 
‘of water erosion (24), as well as the dynamics of 
‘SOC replacement at sites of erasion. Based on 
‘our analysis, we reject both the notion that agri- 
cultural erosion substantially offsets fossil fuel 
‘emissions and the view that agricultural erosion 
is an important source of CO. 
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Why Is Climate Sensitivity 


So Unpredictable? 


Gerard H. Roe* and Marcia B. Baker 


Uncertainties in projections of future climate change have not lessened substantially in past 
decades, Both models and observations yield broad probability distributions for long-term 
‘increases in global mean temperature expected from the doubling of atmospheric carbon dioxide, 
with small but finite probabilities of very large increases. We show that the shape of these 
probability distributions is an inevitable and general consequence of the nature of the climate 
system, and we derive a simple analytic form for the shape that fits recent published distributions 
very well. We show that the breadth of the distribution and, in particular, the probability of 
large temperature increases are relatively insensitive to decreases in uncertainties associated with 


the underlying climate processes. 


he envelope of uncertainty in climate pro- 
Jections has not narowed appreciably 
‘over the past 30 years, despite tremendous 
increases in computing power, in observations, 
and in the number of scientists studying the 
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problem (/). This suggests that efforts to reduce 
uncertainty in climate projections have been im- 
peded cither by fundamental gaps in our under- 
standing of the climate system or by some feature 
(which itself might be well understood) of the 
system's underlying nature. The resolution of this 
dilemma has important implications for climate 
research and policy. 

We investigate a standard metric of climate 
change: Climate sensitivity is defined as the 


‘equilibrium change in global and annual mean 
surface air temperature, AT; due t0 an incre- 
ment in downward radiative flux, ARj, that 
would result from sustained doubling of at- 
mospheric CO; over its preindustrial value (2 % 
(CO;), Itis a particularly relevant metric for cur 
rent discussions of industrial emissions sce- 
narios leading to the stabilization of COs levels 
above preindustrial values (2). Studies based 
‘on observations, energy balance models, temper 
‘ature reconstructions, and global climate models 
(GCMs) (3-13) have found that the probability 
density distribution of A7'is peaked in the range 
20°C <AT<4.5°C, with a long tail of small but 
finite probabilities of very large temperature in- 
‘creases. It is important to ask what determines 
this shape and, in particular, the high AT tail, 
‘and to what extent we can decrease the dis- 
tribution width. 

Climate consists of a set of highly coupled, 
tightly interacting physical processes. Under- 
‘standing these physical processes is a massive 
‘ask that will always be subject to uncertainty. 
How do the uncertainties in the physical pro- 
‘cesses translate into an uncertainty in climate 
sensitivity? Explanations for the range of 
predictions of AT, summarized in (/4), have 
focused on (i) uncertainties in our understand 
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ing of the individual physical processes (in 
particular, those associated with clouds), (i) 
complex interactions smong the individual 
processes, and (ii) the chaotic, turbulent nature 
Of the climate system, which may give rise to 
thresholds, bifurcations, and other discontinu- 
ities, and which remains poorly understood on a 
theoretical level. We show here that the 
explanation is far more fundamental than any 
of these, 

We use the framework of feedback analysis 
(15) to examine the relationship between the 
‘uncertainties inthe individual physical processes 
and the ensuing shape of the probability dis- 
Iribution of AT. Because we are considering an 
equilibrium temperature rise, we consider only 
time-independent processes. 

Let AT'= AAR, where 2 is @ constant. In the 
absence of feedback processes, climate models 
show A = Ay = 0.30 t0 0.31 [K((Wim")] (where 
‘Ay is the reference climate sensitivity) (16), 
‘giving an equilibrium increase AT) ~ 1.2°C in 
response 10 sustained 2 CO,, Because of 
atmospheric processes, however, the climate 
sensitivity has a value AT # AT. Conceptually, 
the forcing AR; produces a temperature change 
AT, which induces changes in the underlying 
processes, These changes modify the effective 
forcing, which, in tum, modifies AZ: We assume 
that the total change in forcing resulting. from 
these changes is constant C times AZ. Thus, 
AT» dy (ARy* CAT), oF 


ar 
ae tt 


7 a) 


Here, the total feedback factor = Ay C (15). 
Clearly, the gain G = AT/ATy> 1 iff > 0, which 
‘appears to be the case for the climate system. 
The range 2°C < AT < 4.5°C corresponds to 
1.7<G $3.7 and 041 <f< 0.73. Under our 
definitions, the feedback factors for individual 
processes are linearly additive, but the temper- 
‘ature changes, o gains, from individual pro- 
‘cesses are not [see the supporting online material 
(SOM)]. 

‘The uncertainties in measurements and in 
model parimeterizations can be represented as 
uncertainties in : Let the average value of fbe 
Fand let its SD be og the sum of uncertainties 
from all the component feedback processes. 6, 
‘can be interpreted in three ways: uncertainty 
in understanding physical processes, uncer- 
tainty in observations used to evaluate 7, and, 
lastly, inherent variability in the strengths of 
the major feedbacks. If oy is fairly small, we 
see from Eq. | that the uncertainty in the gain, 
8G, is 


oy = (Go 2) 


AP 


‘Thus for G =3 (corresponding to AT = 3.6°C), 
‘uncertainties in feedbacks are magnified by 
almost an onder of magnitude in their effect on 
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the uncertainties in the gain. A second point is, 
that even if o/s not large, 5G will be lange if f 
approaches 1: Uncertainty is inherent in a 
system where the net feedbacks are substantially 
positive. 

Finally, Eq. 2 shows that itis the sum of all 
the uncertainties in the feedbacks that 
determines 8G; the uncertainties in the large 
positive feedbacks are not more important 
than the others. For example, a compilation of 


Fig. 1. Demonstration of the 
relationships linking hAAT) to fy(/). 
ATs the sensitivity in the absence 
of feedbacks. Ifthe mean estimate 
of the total feedbacks is substantially 
ian ayaabutonnh() oak 
lead toa highly skewed dstrbution 
in AT. For the purposes of ilustra- 
tion, a normal distribution in hy(f) 
is shown with a mean of 0.65 and a 
‘SD of 0.13, typical to that obtained 
from feedback studies of GCMs 
(7, 18). The dot-dashed lines rep- 
resent 95% confidence intervals 
on the distributions. Note that 
values of f= 2 imply an unphysical, 
catastrophic runaway feedback. 


values of the feedback factors extracted from 
several GCMs (/7) finds considerable inter- 
‘model scatter in the albedo feedback, and al- 
though the average magnitude of this feedback 
is not high, this scatter has an important 
impact on the uncertainty in the total climate 
sensitivity, 

We now derive the shape of the distri- 
bution /i7(47): the probability density that the 
climate sensitivity is AT. The important 
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Fig. 2. Probability density distributions (A and B) and cumulative probability distributions (C and 
D) for climate sensitivity, calculated from Eq. 3, for a range of f and op In (O and (0), the gray 
lines bound the 95% confidence interval. The peak and the shape of the density distributions are 
sensitive to both f and only for AT < = 5°C. The cumulative distributions show 50% probability 
that AT > 1/(1 — f), independent of oy, and there is little dependence on oy of the probability 
that AT >= 10°C. These features of the distributions imply that diminishing o will have a relatively 
small impact on uncertainties in sensitivity estimates. See also SOM. 
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features of this distribution are the location of 
its peak and the shape and extent of the 
distribution at large AT. We focus on the re- 
lationships between these feanures and. the 
parameters of the feedback distribution, f 
and gy 

Figure 1 is a schematic picture of the rela- 
tionships linking /y(AT) to fy(/), the proba- 
bility distribution of f. The reason for the long 
tail of typical climate sensitivity distributions 
is immediately evident [see also (3)]. Uncer- 
tainties in climate processes, and hence feed- 


06 


backs, have a very asymmetric projection onto 
the climate sensitivity. As the peak in the hy(f) 
distribution moves toward f~ 1, the probability 
of large AT.also grows. The basic shape of hy 
(AT) isnot an artifact of the analyses or choice 
‘of model parameters. It is an inevitable 
consequence of a system in which the net 
feedbacks are substantially positive. 
Formally, hy(AT) is related to hi f) by the 


relationship fir(AT) = hy(f(AT) )(df/dAT) = 


Aly /(AT)*hy(1~ 22). As is common- 


Fig. 3. Climate sensitivity 
distributions: (A) from (18), 
which calculated (f, «) of, 
(0.62, 0.13) from a suite of 
GCM simulations; (B) from 
(17), which found (/, «) of 
(0.7, 0.14) from a diferent 
suite of models; and (© from 
the ~5700-member multi- 
ensemble cli 
net 9, 10) for different 
‘choices ‘of cloud processes. 
[Data were provided courtesy 
‘of B. M, Sanderson] (D) Ft of 
Eq, 3 to the result of (1 
which was found by e 
mating the mode of the 

probability density and its 

accompanying AT and solving 

for (fc) from Eqs. 2 and 3, 

which yielded values of (0.67, 0.12). 
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Fig. 4. Climate sensitivity distributions from various studies with the use of a wide variety of methods (black 
lines) and overlain with a fit of Eq. 3 (green lines), as described in Fig. 3: (A) from (11), fit with (7, of 
(0.58, 0.17) and (0.63, 0.21); (B) from (8), fit with (, «) = (0.67, 0.10) and (0.60, 0.14); (C) from (6), fit 
with (7, ¢) = (0.64, 0.20) and (0.56, 0.26); (D) from (4, fit wit (f, 0) = (082, 0.12), (0.65, 0.14), and 
(0.15, 0.28); (E from (5, fit with (7, «) = (0.86, 0.35) [see also (29)]; and (F) from (22), ft wth (F, 0) = 
(0.72, 0.17), (0.75, 0.19), and (0.77, 0.20). 
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place, we assume the errors in the feedback 
Wify= 


(imie[-4(42) | Although the gen- 


eral features of our results do not depend on this 
assumption, it facilitates our analysis, Then, 


factors are normally distributed: 


Equation 3 shows how uncertainties in feedbacks 
ead to uncertainty in the response of a system of 
linear feedbacks. It can be shown that it is 
algebraically equivalent to a Bayesian derivation 
‘of a “posterior” distribution /(A7) based on a 
uniform previous distribution on feedbacks 
(SOM), As noted above, several studies have 
described climate sensitivity distributions sim- 
ilar in form to that indicated in Fig, 1 (4-1. 
‘but the particular power of Eq. 3 is that it 
provides a simple interpretation of the shape of 
these distributions. IC is also a function that 
maps uncertainties in feedback processes onto 
uncertainties in climate sensitivity and therefore 
permits an analysis of its parametric depen- 
dencies. Figure 2 shows /,(7) and p,,(AT.), 
the cumulative probability that the climat 
sensitivity A7 will exceed a given threshold, A7-, 
for a range of values of 7 and ¢, From Eq. 3, it 
‘can be shown that, for all ¢,, half the area under 
the curve occurs for AT + AT), Decreasing 
either ¢, or 7 concentrates the distribution 
around AT'= AT, « 

‘The cumulative probability distributions show 
that decreasing o/ or f steadily reduces the cumu- 
lative probability of large climate changes (¢.g,, 
AT > 8°C). However, the probability that A7 lies 
in the interval immediately outside the range of 
the Intergovermmental Panel on Climate Change 
(IPCC) (say, 4.5°C < AT<8°C)is very insensitive 
to oand f and changes little with AT;, The cu- 
mulative probability distrbutions (Fig. 2, C and 
) are driven by the extreme tail ofthe f(T) 
distribution, which isa consequence of our choice 
‘of a Gaussian for h{ f). Even if'an hy( f) without 
‘an extreme tail is assumed, the probability dis 
tributions in the interval beyond the IPCC range 
remain insensitive to changes in 4 (SOM). 

‘Thus, foreseeable improvements in the 
understanding of physical processes, and in the 
‘estimation of their effects from observations, 
will not yield large reductions in the envelope of 
climate sensitivity. This relative insensitivity of 
‘the probability distributions to gis also a likely 
reason why uncertainty in climate sensitivity es 
‘timates has not diminished substantially in the 
‘past three decades. 

‘We next compare /iy(AT) from Eq. 3 with 
selected published distributions of climate sensi- 
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tivity, Figure 3 shows a distribution, determined 
from the multi-ensemble climateprediction.net 
experiment, for different representations of sev- 
eral cloud processes (9, 1/0). Independent es- 
timates of feedback parameters for two different 
suites of GCMs (17, 18) determine values for 
(F, G7) of (0.70, 0.14) and (0.62, 0.13), re- 
spectively (/9). We calculate the implied climate 
sensitivity distributions trom Eq. 3. These match 
the numerically derived distributions of (/0) 
quite well. We obtained a closer match by solv- 
ing Eq. 3 for the f and oy that effectively char- 
acterize the feedback processes within the 
‘model used by (9, 10) and used these parame- 
{ers to generate the distribution. 

Fits to several other published distributions 
(obtained by a wide variety of techniques), 
shown in Fig, 4, are also quite successful, with 
values 0.15 < f < 0,86 and 0.10 < a/< 0.35. 
‘Some differences are seen, especially in the tail 
of the distributions. This is to be expected be- 
‘cause some studies explicitly analyze the non- 
Gaussian distribution of uncertainties in the 
physics and various a priori assumptions. 
Nonetheless, all of these published distribu- 
tions are, (0 @ good approximation, consistent 
‘with propagation of physical-process uncer- 
tainties in a simple systems of linear feedbacks. 

The shape of /ir(A7), including its tail, is 
crucially dependent on the magnitude of 7, 
‘which we have assumed is independent of AT: Is 
there any chance that, as warming continues, the 
probability of extreme values of AT will actually 

iminish? This might result if the feedback 
factors ane functions of temperature. We have 
performed a preliminary analysis of the changes 
in the /ty (AT) distribution that would result from 
adding nonlinear tems in the Stefan-Boltemann 
and water vapor feedbacks (SOM). This analy- 
sis shows that these second-order effects are 
equivalent to decreasing 7 by about 0,01 to 0.02, 
the small effect of which can be gauged from the 
curves in Fig. 2. To remove the skewness 
completely would require changes in feedback 
strength that are about 25 times as great (SOM). 
Several nonlinear interactions of this strength 
‘might, however, contribute an additional o ~ 0.1, 
‘which would change the particulars of a given 
probability distribution but not its fundamental 
characteristics. The identification and quantti- 
cation of these nonlinear interactions are enor- 
‘mously harder tasks than the analysis ofthe linear 
feedbacks. It may be that a practical limit to the 
predictability of climate sensitivity should be 
anticipated. 

It is tempting to speculate on what we can 
eam about the extreme til of fir(AT) from 
paleoclimate data. For instance, Eq. 3 can be 
extended to evaluate how uncertainties in re- 
constructions of past temperatures and net 
radiative forcing propagate to uncertainties in 
feedback strengths, Moreover, the data that we 
have on extreme climates [for example, the 
Eocene warmth and Proterozoic “snowball 
Earth” (20, 2/)] suggest that the climate system 
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may have been acutely sensitive to radiative 
forcing during some intervals of Earth’ history. 
(Our results imply that dramatic changes in 
physical processes are not necessary for dramat- 
ic changes in climate sensitivity, provided that 
those changes in processes can all align in the 
same direction toward increased sensitivity. 
‘These are events of low but not zero probability. 

Despite the enormous complexity of the 
climate system, the probability distribution of 
equilibrium climate sensitivity is well charsc- 
terized by Eq. 3, which reflects the straight- 
forward, compounding effect of essentially 
linear feedbacks and depends on only the two 
parameters f and o, We have shown that the 
uncertainty in the climate sensitivity in 2 « COs 
studies is a direct and general result of the fact 
that the sum of the underiying climate feedbacks 
{s substantially positive. Our derivation of hy(A7) 
did not depend on nonlinear, chaotic behavior of 
the climate system and was independent of 
details in cloud and other feedbacks. Equation 3 
appears 10 explain the range of climate sen- 
sitivities reported in previous studies, which are 
well synthesized by the IPCC (7). Furthemiore, 
reducing the uncertainty in individual climate 
Processes has little effect in reducing the 
uncertainty in climate sensitivity. We do not 
therefore expect the range presented in the next 
IPCC report to be greatly different from that 
{in the 2007 report. On the basis of the values of 
Fwd oy compiled from our analysis of a large 
‘number of published results, it is evident that the 
climate system is operating in a regime in which 
small uncertainties in feedbacks are highly am- 
plificd in the resulting climate sensitivity. We are 
constrained by the inevitable: the more likely a 
large warming is for a given forcing (Le., the 
greater the positive feedbacks), the greater the 
tuncertainty will be in the magnitude of that 
warming. 
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Thermokarst Lakes as a Source 
of Atmospheric CH, During the 


Last Deglaciation 


K. M. Walter, M. E. Edwards,** G. Grosse,‘ S. A. Zimov,* F. S. Chapin Itt” 


Polar ice-core records suggest that an arctic or boreal source was responsible for more than 30% of 
the large increase in global atmospheric methane (CH,) concentration during deglacial climate 
warming; however, specific sources of that CH, are still debated. Here we present an estimate of 
past CHs flux during deglaciation from bubbling from thermokarst (thaw) lakes. Based on high 
rates of CH bubbling from contemporary arctic thermokarst lakes, high CH production potentials 
‘of organic matter from Pleistocene-aged frozen sediments, and estimates of the changing extent of 
these deposits as thermokarst lakes developed during deglaciation, we find that CH bubbling from 
realy forming thermokarst lakes comprised 33 to B7% of the high-latitude increase in 
‘atmospheric methane concentration and, in turn, contributed to the climate warming at the 


Pleistocene-Holocene transition. 


Mi: asses Oe sake oe 
records show that abrupt (decadal-scale) increases 
t satel tad peapnetca nae Bibel 
latitudinal distribution of CH, sources computed 
from the difference in CH, concentration be- 
sand calendar years before present (kyr B.P.) 
through the Younger Dryas (YD) (~13 to 11.5 
kyr B.P,) and accounted for >30% (30 to 40 Tg 
(83 to 99 Tg CH, year ') during the early Holo- 
cene (11.5 to 9.5 kyr BP.) (7-5). 

Two main hypotheses have been advanced to 
explain millennial-scale variations in AMC: a 
floor sediments (“clathrate gun hypothesis” (6)] 
land hypothesis (7-9)]. Reservations remain in 
the literature about attributing early Holocene 
CH, toa single source (3, 4, 10-12). Recent evi- 
dence of widespread northem peatland formation 
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during the early Holocene suggests that wetlands 
may have contributed 410 9g CHs year ' (8, 9). 
‘There is a marked paucity of peatland initiation 
dates for the vast region of north Asia that was 
‘not ice-covered during the Last Glacial Maxi- 


EPC 


mum (LGM) (9). It was in the lowland areas of 
this region that an extensive initiation of deep 
“themmokarst” lakes occured at the beginning of 
the last deglaciation [(/3-15) and table S1} and 
may have been a source of atmospheric CH, at 
that time (/6). When ice-rich frozen ground 
thaws, the loss of volume from melting ice cre- 
ates depressions in the land surface: a process 
called thermokarst (/3). Ponding of water in de- 
pressions creates thermokarst lakes, which may 
expand as a result of both thermal and mechani- 
cal erosion over time scales of decades 10 c% 
turies (13). 

We develop this thind altemative hypothesis 
(thermokarst-lake hypothesis): CH, ebullition 
(bubbling) from newly formed themokarst lakes 
occurred extensively across large unglaciated 
regions in northem high latitudes, particularly in 
Siberia, as the climate became warmer and 
Wetter, Thermokarst-lake CH, emissions are 
distinct from those of wetlands because thermo- 
ars lakes are a distinctive ecosystem type (/3) 
‘ot typically included in we 
‘mates (/7) and because ebulltion, which domi- 
nates CH, emissions from thermokarst lakes, is 
substantially larger source of CH, than previous- 


‘emission esti= 


Fig. 1. Current and probable LGM regions of loess, loess-elated deposits, and yedoma mapped in 
relation to the modem and LGM distribution of permafrost. information sources are provided in the SOM 
text. Modern and LGM coasts are shown, the latter approximated from the modem 120-m isobath (30). 
The map indicates that considerable areas of loess would have been frozen at the LGM and subsequently 
thawed, and yedoma would have extended northward on the exposed Siberian shelf 
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ly thought (18). We provide three lines of evi- 
dence in support of this hypothesis: ()) A. re- 
construction of late Quatemary paleogeography 
documents the areal extent over which this 
process likely occurred, and a synthesis of basal 
radiocarbon-dated thermokarst-lake sediments 
indicates that many thermokarst lakes were 
initiated ~14 kyr BLP. and that thermokarst 
activity accelerated during 11,5 10 9 kyr BP, 
coinciding with the CH, emissions increase trom 
arcticzboreal sources; (i) Laboratory incubations 
show that Pleistocene-aged frozen sediments 


Thermokarst lakes that are currently expanding 
jn areas of frozen Pleistocene sediments have 
high ebullition rates of Pleistocene-aged CH, 
Gust as they would have had at the onset of their 
formation in the early Holocene). To estimate 
post-Pleistocene CH, emissions ffom lakes, we 
integrate the information on CH, proxlucton rates 
from sediments, carbon (C) loss from drained 
thermokarstlake sediments that refroze, flux 
rates fom modem thermokarst lakes, and the 
areal extent of Pleistocene sediments subject to 
thermokarstlake development. We show that 


support high rates of CH production; and (ii) these emissions could have contributed up to 


Fig. 2. Thermokarst-take A 
development during de- 
glaciation asa northern 
source of atmospheric 
CHy. (A) Three indepen- 
dent estimates of Northern 
Hemisphere CHa emissions 
derived from the interpolar 
‘CH gradient [open circles 
(3), solid black circles (4), 
and solid gray circles (5)] 
suggest that a modest 
hnorthern CH source ap- 
peared by ~14 kyr BP, 
was sustained through the 
YD, and increased substan- 
tially after 12.5 kyr BP, 
Error bars i ‘uncer 
tainties in three-box mod- 
els propagated from SEs in 
‘CH concentrations in ice 
‘ores for selected time in- 
tervals and uncertainties in 
the calculation of the inter- 
polar CHs difference. (B) 
‘The interpolar CHa gradient 
{is modeled based on the 
difference in ice-core CH 


concentrations in Greenland ions 
[Greenland ke Sheet Project edna 
2 (@iSP2), black tine} and oo 

Antarctica (Taylor Dome, ay") 10 (10* kn?) 


‘gray tne) (3). The AMC drop 
teed deg the YO in co: 6 9 BS wm 
ese global records is, 

atiibuted to decreases in nen tern 

tropical (as opposed to northern) CHs sources (4,5). ppb, pats per billion by volume. (C and D) The pattern of 
northern hemisphere CHs emissions in (A) & consistent with the formation of CHemitting northem 
thermokarst lakes shown as a cumulative curve (Q) and as the number of documented thermokarst ake 
initiation dates per millennium occurring within time steps of 100+ 500 calendar years 8. acording to table 
51 (0). The duster of lakes initiated between 11.5 to 9 kyr BLP. coincides with the steepest part of the 
‘cumulative curve of 69 thenmokarst nation dates in (C) and withthe peak of AMC recorded in ce cores after 
abrupt warming and wetting. The cumulative curve of 1516 peatland initiation dates from (9), shown ako in 
(CO, suggests that northem peatlands would aso have been a source of early Holocene atmospheric CH, 
though acceleration of peatland initiation lags behind that of thermokarst lakes by several milennia, (E) 
‘Methane emissions forthe Siberian yeioma region, modeled according to rates of thermakarstactvity, suggest 
thatthe expansion of yedoma thermokarst lakes on the exposed yedoma surface could have released as much 
20 to 26 Tg CH, year? after abrupt warming around 11.5 ky B.P. The curve labeled “shelf” indicates the 
dectne in the area of yedoma exposed on the continental shelf as sea level rose during the early Holocene. The 
tet describes a second independent scenario that yields the estimate of early Holocene thermokarsttake 
‘emissions (13 to 20 Tg CHs year *). Together, these scenarios suggest that thaw of yedoma would have been an 
‘immediate and substantial contribution to the new boreal CH, source (~30 to 40 Tg year™*) observed in ice- 
core records. 
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~87% of the boreal contribution to AMC in- 
creases recorded in ice cores. 

During the late Pleistocene, extensive loess 
and loess-related deposits formed. throughout 
Lnglaciated regions of northeast Siberia, Europe, 
‘and North America (Fig. 1). In northeast Siberia, 
these deposits, which have a particularly high ice 
‘content and a large volume of labile organic C, 
‘are referred to as the “yedoma ice-complex” 
[(/9-22) and supporting online material (SOM). 
‘Yedoms has remained largely frozen throughout 
the Holocene, currently occupies an area of >1 » 
and in many regions is tens of meters 
2/), During the LGM, when the global 
sea level was 120 m lower than that of today, 
similar deposits covered substantial areas (0.9 
10° km’) of the exposed northeast Eurasian 
shelves (19, 22) (Fig. 1) 

In northeast Siberia, thaw of yedoma makes 
‘organic matter available in anaerobic lake bot- 
toms, fveling methanogenesis (18, 23), Once ini- 
tiated, thermokarst lakes deepen and can persist 
for thousands of years (/3, /4, 24)(SOM text). In 
certain areas of Siberia and northem Alaska 
here themokarst lakes are prominent, as much 
‘as 50% of the landscape is covered with lake 
‘sears (/3, 25, 26). In several major Siberian low- 
lands, nearly 100% of the yedoma ice-complex 
has been reworked by lakes (/3, 14), 

Pattems of themmokarst-lake formation based 
‘on a compilation of basal radiocarbon dates 
‘appear broadly consistent with the climate evo- 
lution of northeast Siberia, Alaska, and north- 
westem Canada, as well as with pattems of 
increase in boreal CH, sources to the atmosphere 
afler the LGM (Fig. 2). There are few records of 
thermokarst during the glacial period, Data sug 
‘gest that thermokarst-lake formation occured as 
early as ~14 kyr BP. in Russia, Alaska, and 
northwestem Canada (table $1), coincident with 
increases in boreal CH, sources, temperature 
‘and moisture (27), Some data suggest a 
reversal atthe time of the YD, but its expression 
is greatly muted in northeast Siberia and Alaska 
‘when compared with the Greenland temperature 
record (/5, 27-29). Geological evidence suggests 
that thermokarst lakes persisted (/4) and con- 
tinued to form through the YD, which is con- 
sistent with sustained sources of boreal CHy 
(Fig. 2), Multiple proxies indicate that the 
Warmest period of the current interglacial in 
northeast Siberia (11 to 9 kyr B.P.) occurred in 
‘concert with peak summer insolation (27, 28). 
During this period, many new thermokarst lakes 
formed in Siberia (Fig. 2, C and D); 45% of the 
‘compiled dates of themmokarst-lake formation 
fall between 11.5 to 9 kyr BP. (table SI). 
Subsequently, the number of reported dates 
decreases throughout the Holocene, as relatively 
stable drainage pattems became established. 
‘Thermokarst lakes continue to develop today as, 
evidenced, for example, by remote sensing 
analyses of a yedoma area in northeast Siberia 
that shows a ~14% increase in lake arca during 
recent decades (/8), 
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Until recently, thermokarst lakes were not 
recognized as a globally important source of at- 
‘mospheric CH. Bubbling from thermokarst 
lakes, which currently cover a lange proportion 
(10%) of yecloma territory in Siberia, contributes 
~4Tg CH, annually to regional sources (/8, 23). 
Given the extensive degridation of yedoma 
pemmatiost since the LGM (Fig. 1), observed 
CH, emissions from lakes associated with 
xyedoma degradation today, and geological evi- 
‘dence of thermokarstlake formation atthe start 
of the Holocene (Fig. 2), we propose that CH 
‘bubbling from Siberian thermokarst lakes con 
tributed substantially to the rapid increases in 
AMC during deglaciation (22) 

To assess this thermokarstlake hypothesis, 
‘we applied rates of CH, emissions measured in 
‘modern themmiokarst lakes to the pattem of post- 
LGM lake development implied by basaldate 
reconds that serves as a proxy for thermokarst 
activity, as a function of exposed yedonva terrain 
in 1000-year time steps during deglaciation (fg. 
SI), Details of measured parameters and transfer 
functions are given in (30). In this scenario, 
thermokarst lakes appeared on the exposed 
‘yedoma land surfice in northeast Siberia between 
14 to 13 kyr BP, contributing ~11 Tg CH, year 
Lake emissions of ~8 to 9 Tg CH, year ' con- 
tinued through the YD until 11,5 kyr B.P, when a 
spike in basal dates represents an acceleration of 
thermokarst activity and new lake formation, 
contributing up to 26 Tg CH, year '. After 9 kyr 
B.P, our scenario depicts a decline in lake emis 
sionsas thermokarst activity decelerated and total 
‘yedoma area available for new thermokarst con 
tinued to docrease. Average lake emissions from 
9 kyr BLP. othe present were 210 6 Tg CH, year 
Our calculations do not include CH, that would 
hhave been released from CHy-producing sub- 
‘marine habitats created by sea-level rise oe from 
‘North American lakes (/4, 22). 

‘We provide a second independent estimate of 
CH, emissions using C mass balance based on 
the C lost from yedoma beneath former thermo- 
‘karst lakes (30). Yedom beneath thermokarst 
lakes that formed in the Holocene and subse- 
quently drained and refroze has ~33% less C 
[18.04 1.4 kg Cm™ (mean + SE), n ~ 15 sam- 
ples] than yedomta that never thawed (26.8 + 1.5 
kgC m3, n= $4 samples) (/8). At the beginning 
of the Holocene, yedoma contained ~S00 Gt C 
(26). Assuming that if 15 wo 25% of the yedoma 
C beneath lakes, whose scars cover 50% of the 
yedoma territory, was emitted as CH, (2/, 23) 
uring the Holocene and that if 65% of these 
emissions occurred between 14 1 9 kyr BLP, 
based on geological evidence (table SI), then 
thawing yedoma beneath lakes would have 
contributed (on average) 8 to 12 Tg CH, year! 
during deglaciation. This estimate is conservative 
because it ignores Holocene organic detritus 
accumulating on lake bottoms (31) that would 
also produce CH,. Pleistocene-aged organic C 
fuels ~60% of the CH, emitted from modem 
‘yedoma thermokarst lakes in northem Siberia 


eww. sciencemag.org_ 


(18), suggesting that contributions of Holocene 
substrates for methanogenesis could also have 
been large (~40%), yielding a total lake- 
emissions estimate of 13 to 20 Tg CH, year". 

Finally, we used CH, production potentials 
(145 £31 g CH, year ', n =23 samples) of 
thawed northem Siberian yedoma in laboratory 
incubations to provide an additional independent 
‘confirmation of thawing yedoma contributions to 
the AMC rise at the onset of this interglacial 
period (30), Based on (32), if we assume that 
abrupt warming and wetting transformed 10% of 
the dry, unglaciated landscape (1.9 « 10° km*) 
into a ponded surfuce regime dominated by 
shallow pools for 3 to 4 months of the year, then 
anaemic decomposition inthe surface (-m depth) 
of the locally deepening active layer might have 
produced CH, on the order of 7 to 9 Tg year. 
Although microbial oxidation in pools. might 
have reduced total CH, emissions during the 
early stages of pond formation, our incubation- 
based calculation demonstrates thatthe CH, pro- 
duction potential of yedoma sediments was high 
enough to contribute immediately upon thaw 0 
the abrupt rise in AMC. 

Our two estimates (20 1026 and 
13 020 Tg CH, year") of yedoma thermokarst- 
lake contributions to the rise in AMC ae similar 
to one another and within the ~30 to 40 Tg CH 
year" boreal-source constraint from the inter= 
polar CH, gradient reconded in ice cons (4). 
Formation and expansion of thermokarst lakes at 
the onset of Holocene warning appear to have 
Jed toa large new AMC source: buble emissions 
from lakes. Our estimate of CH, derived largely 
from the Pleistocene-aged C reservoir can ac- 
count fora substantial proportion (33 10 87%) of 
nonthem AMC sources during the last deglacia- 
tion. If this conservative estimate is roughly come, 
‘other northem sources {such as peatlands (8, 9), 
hydrates, and/or wildfires, or natural gas seeps 
(i1, 12) are also required. as inputs to AMC 
during deglaciation. Isotope ratios of °C/7C of 
CH, [-S8 to -83%e (per mil} and D/H (-338 10 
-420°%) from modem Siberian thermokars lakes, 
(18) are similar to those of boreal wetlands and 
are consistent with multisource scenarios pro- 
posed to explain CH, isotope ratios in ice cores 
during the latest deglaciation [(//, /2) and 
SOM text] 

Records of AMC in ice cores show that a 
moderate arcticboreal source appeared at 14.8 
kyr BLP. and was sustained throughout the YD 
(S). Im the early Holocene, there was a rapid rise 
in boreal emissions that demands a rapid eco- 
system response. Estimates of early peatland 
emissions are insufficient to account for this 
northern source alone (9). Here we provide a first 
approximation of paleo-CH, flux from a new 
terrestrial source, based on what is known about 
patterns of yedoma themokarst-lake ebullition 
emissions and the timing of thermokarstlake 
formation during deglaciation. Our compilation 
‘ofthemokars-lake basal ages suggests that lakes 
formed extensively in Alaska, northwestern Ca- 
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‘nada, and Russia as carly as 14 kyr B.P. Thermo- 
karst lakes would have contributed modestly to 
atmospheric CH, through the YD, explaining the 
‘overshoot in AMC relative to temperature in ice 
core records during the YD (33). Finally, an ex- 
pansion of thermokarst lakes in the carly Holo- 
‘cone contributed considerably to the spike in 
AMC recorded in ice cores. 

About 500 Gt C remain preserved in the 
yedoma ice-complex in northeast Siberia (21). If 
the yedoma territory with its high ice-content 
ppermafiost warms more rapidly in the future, as 
‘projected (34), cbullition from thermokarst lakes 
‘could again become a powerful positive feedback 
1o high-latitude warming, as it appears to have 
‘been during deglacial climate warming. at the 
‘onset of the Holocene, Expansion and formation 
‘of yedomts themokarst lakes in northeast Siberia, 
during the era of satellite observations suggest 
‘that this positive feedback is already underway 
(8). This important source of atmospheric CH, 
is not curently considered in climate-change 
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The Coevolution of Parochial 


Altruism and War 


Jung-Kyoo Choi* and Samuel Bowles** 


Altruism—benefiting fellow group members at a cost to oneself—and parochialism—hosiity 
toward individuals not of one’s own ethnic, racial, oF other group—are common human behaviors. 
The intersection of the two—which we term “parochial altruism”—is puzzling from an evolutionary 
perspective because altruistic or parochial behavior reduces one’s payoffs by comparison to what one 
would gain by eschewing these behaviors. But parochial altruism could have evolved if parochialism 
‘promoted intergroup hostilities and the combination of altruism and parochiatism contributed to 
success in these conflicts. Our game-theoretic analysis and agent-based simulations show that 
‘under conditions likely to have been experienced by late Pleistocene and earty Holocene humans, 
neither parochialism nor altruism would have been viable singly, but by promoting group conflict, 


they could have evolved jointly. 


ate 19th-century scientists as diverse as 
Charles Darwin (/) and Karl Pearson (2) 
recognized warasa powerful evolutionary 
force that might foster social solidarity and altnasm 
toward the fellow members of one’s group. But 
despite Hamilton’s speculation about how this 
could occur (3), neither the process by which war 
‘might have become sufficiently common to sup- 
;port the evolution of altruism nor the possibility 
that altruism conditioned on group membership 
‘might have contributed to the unusually high 
level of lethal intergroup conflict among humans 
thas been subjected to systematic investigation. 
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‘The empirical importance of both altruism 
and hostility to members of other groups is well 
established. Experimental and other evidence dem- 
‘onstrates that individuals often willingly give to 
strangers, reward good deeds, and punish individ- 
uals who violate social norms, even ata substantial 
personal cost (4), while favoring fellow group 
‘members over “outsiders” in the choice of friends, 
exchange partners, and other associates and in 
the allocation of valued resources (5). For ex- 
ample, a recent “third party punishment” ex- 
periment in Papua New Guinea revealed strong 
favoritism toward a subject's own linguistic group 
in giving to others, and significantly greater 
punishment of individuals from another linguistic 
group (by comparison to the subject's own group) 
‘who acted ungenerously toward the subject's 
fellow group members (6). 

Intergroup hostility and aggression are similar 
to altruism in that an individual adopting these 


behaviors incurs mortal risks or foregoes benefi- 
cial opportunities for coalitions, co-insurance, 
‘and exchange, thereby incurring a fitness loss by 
‘comparison to those who eschew hostility toward 
‘other groups. When this isthe ease, and when the 
members of the actor's group benefit as a result 
‘of one’s hostile actions toward other groups, we 
tenn the behavior “parochial altruism.” The exper- 
imental subjects in Papua New Guinea provide 
‘an example, 

Neither parochialism nor altruism would 
seem likely to survive any selection provess that 
favors traits with higher payofts. But parochial 
altruism could have emerged and proliferated 
‘among carly humans because our ancestors lived 
in environments in which competition for re 
sources favored groups with substantial numbers 
‘of parochial altruists willing to engage in hostile 
conflict with outsiders on behalf of theie fellow 
‘group members. These group benefits could have 
‘offset the within-group selection against both 
parochialism and altruism, Unlike multilevel 
selection models in which group conflict is sim- 
ply assumed (7-9), we thus provide an explana- 
tion of warfare itself and its uniquely lethal nature 
‘among humans. Whether this account is plausible 
isan empirical question, 

‘The ethnographic and archacological record 
suggests that warfare was a frequent cause of 
death among some hunters-gatherer groups and 
carly tribal societies (70, 1/). Mortality in inter- 
‘group conflicts as a fraction of all deaths may 
hhave been an order of magnitude greater among 
carly humans than among Europeans during the 
bellicose 20th century. Most hostile intergroup 
contact was probably ongoing or intemittent, with 
‘occasional casualties, more akin to boundary 
conflicts among chimpanzees (/2) than to modem 
warfare. However, “pitched bates” did occur 
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among foragers, as in the conflict between two 
coalitions of aboriginal Australians involving 
around 700 combatants (/3). As natural disasters 
and periodic resource scarcity have been identi- 
fied as the most important comelates of warfine 
among forager groups (/4), it seems likely that 
the volatile climate of the late Pleistocene (from 
‘about 125,000 until 10,000 years before the present) 
contributed to high levels of intergroup conflict. 
‘Groups that avoided hostile interactions benefited 
from greater access tothe rescurces in what would 
otherwise have been nonproductive defensive 
buffer zones (15, 16), as well as from between- 
‘group risk sharing (17) and exchange (/8), often 
‘over substantial distances [see also (/9)]- 

Could parochial altruism have emerged and 
proliferated in this environment? We model the 
evolution of genetically transmitted behavioral 
{ypes in a population of foragers who engage in 
‘both within- and between-group interactions, In- 
dividuals may be altruistic (or not) and parochial 
(or not), We represent these behaviors as the ex- 
‘pression of two hypothetical alleles at each of two 
loci. There are thus four types: parochial altrusts 
(PA, that is bearers ofthe P and A alleles), tolerant 
(nonparochial) altuists (TA), parochial nonaltmists 
(PN), and tolerant nonaltruists (TN), Parochials 
{of either type) are hostile toward other groups. 
But only parochial altrusts engage in combat, be- 
‘cause the nonaltruss are not willing 0 isk death in 
‘order to benefit their fllow group members tn the 
absence of between-group hostility, tolerant mem- 
bers of a group benefit from the above-mentioned 
mutually advantageous interactions with other 
serous. 

‘Two types of selection are at work inthe model 
to be presented, Within-group selection favors tol- 
«rant nonaltrusts and tends fo eliminate parochial 
altruists (as well as tolerant atruists and parochial 


nonaltnusts). By contrast, the second process, s¢- 
lective extinction resulting from intergroup con 
flict, may favor parochial altuists despite the fact 
that they risk death even in victorious battles. To 
clarify the role of war, parochialism, and selective 
extinction, we do not model the other mechanism 
by which altuism may spread, namely, selective 
emigration (20), Thus, in the absence of ter- 
Fitorial expansion through conquest, we assume 
that group size is fixed, so highly altruistic 
groups do not contribute more replicas to the 
next generation. Our setting, therefore, is quite 
unfavorable for the evolution of altruism be- 
‘cause itis equivalent to models in which local 
density-dependent selection exactly offsets the 
group benefits of altruism (2/ 

Parochial altrusts who survive conflicts do 
receive a direct individual reproductive benefit if 
‘war occurs, because they share in their group's 
increased probability of winning a hostile encoun- 
ter that results from their status as a “fighter” 
(felative to the expected outcome of the conflict 
had the individual been of another type). Win- 
ning a hostile encounter yields two kinds of 
reproductive benefits for members of a group: a 
greater chance of survival and (forthe survivors) 
the opportunity to produce additional offspring to 
replace those killed in the losing group, However, 
in our simulations (/9), the increased risk of mor- 
tality in warfare incured by parochial altruists 
‘offets this direct benefit by a wide margin, As a 
result, each parochial altmist would enjoy substan- 
tially greater expected reproductive success by 
switching to tolerant and/or nonaltruistic behav 
jors, even taking into account that the switch 
‘would increase the probability that his group 
would be defeated should a conflict occur. Thus, 
those who fight for their group are altruistic in the 
standard sense of the term (23). 


Fig. 1. Between-group in- 
teraction. Notation: f',/ "= 
the fractions who are 

ant in group j.and je 
respectively; At =1—fif = 
the probability that an in- 
teraction between groups i 
and j will be hostile; (", 
{AP = the fractions who are 
‘parochial altrusts in group 
iandj, Ag=f"-f% Wd = 
probability that 2 hostile 
interaction wil resutt ina 
war; 4; =the probability that 
‘pou i wins the war; = the 
fraction of fighters (PAS who 
de should a war acai (5, = 
(0.14 in our benchmark sim- 
ations) and 8, Ly! = frac 
tion of chan mortality in 
the lasing group (5, = 25 in 


payor peyotr payoff Pao les othe pays 

8," fighters -8,fP* fighters _—5, f?* fighters the public goods and peace- 

-6,/A,) civilians +54, more replicas ful intergroup interactions. 
described in Table 1. 
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Every generation, all members of each group 
are paired randomly with members of their group © 
produce offipring, whose expected number is pro- 
‘portional to the parental couple's share of the 
‘group's payofls, described below. So as not to favor 
the hypothesized coevolution of parochislsm and 
‘limism that depends on the two behaviors being 
statistically associated, we adopt an intergencrs- 
tional transmission process with no built-in ten- 
dency forthe parochial and altruistic alleles to be 
‘comrelated. Thus, we assume no within-group as- 
sortmentin mating and we allow complete recom 
bination (so that, e.g, parental couple composed 
of a PA and a TN will have offspring of all four 
behavioral types with equal probability). Addi 
tionally, this process is modified by mutation; With 
some probability (1), each member's offjpring in- 
herits a type randomly from the four possible types 
independently of the parental types. With proba 
bility (1 —j), the nonmutational replication above 
takes plice, Each generation, with some probability 
(im), each member migrates to a randomly selected 
group. 

Between-group interactions are as_ follows. 
Every generation, cach group interacts with another 
_gfcup cither cooperatively or in a hostile manner 
(Fig. 1). Hostility in an intengoup interaction ro 
sults if the faction of parochial members of at last 
‘one group is sulficiendy great, The use of force 
between the two groups occurs when one of the 
{wo is sulicintly likely 1 win, weflecting the fact 
that as with other primates, evenly matched human 
groups seek to avoid costly conflicts (24). The 
‘probability that a group wins a contlict depends on 
the difference in the number of fighters (parochial 
altriss) in the two groups. Ifa conflict occurs, a 
faction of the fighters in both groups dic, and a 
faction of the surviving fighters and nonfighters of 
the losing group are abo eliminated. This civilian 
mortality faction is equal to a constant times the 
baween-group difference in the fraction of paro- 
cial altuits, so the greater is the imbalance of 
forces, the more severe are the fatalities of the 
losers. If the group with more fighters does not 
\win, the cutoome is a draw in which fighters die as 
‘above, but nonfighters do not 

‘Those eliminated in both groups are replaced 
by offipring from randomly chosen mates (as 
described above) in the winning group, who 
migrate to the losing group, bringing both 
‘groups’ numbers up t the capacity of thei sites. 
We explored (19) an altemative to this “migra 
tion” scenario in which the fighters of the 
\winning group kill fewer of the losers but mate 
with the surviving losing population, repopulat- 
ing their site in this manner. This “mating” sce- 
nario favors the evolution of parochial altruism 
more strongly than the results shown below as it 
privileges parochial alteusts (because they are the 
fighters who mate with the losing population) in 
the repopulation process (by comparison with the 
migration scenario, in which those parenting the 
colonists to repopulate the losers’ site are drawn 
randomly from the survivors among the winning 
population). 
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If the interaction is not hostile, each tolerant 
‘member receives a net benefit from each tolerant 
‘member ofthe paired group. Purochials receive no 
such benefits. Asa result, inthe absence of hostili- 
ty, the expected payoff to the Ts in a given group 
‘exceeds that to the Ps irrespective ofthe fraction 
of Ts in the group, so Tis the dominant strategy. 

Individual payotts fom within-group interac 
tions are determined as follows. in every genera- 
tion ata cost ¢,altruists contribute to a public good 
‘whose value (6) is shared equally among the 1 
‘group members belonging to a single generation. 
‘The public good may be shred information, risk- 
pooling, or similar behaviors. Those who are not 
altruistic (Ns) do not contribute, Because b> e> 
‘b/n, contributing raises group-average payor; but 
contributors payoff would be increased by an 
amount ~ bn by not contributing, imespective of 
the number of other As within the group. The result 
is that both As and Ps face adverse within-group 
seleation. These payofl are described in Table 1. 

‘The sequence of events in each generation is 
8 follows: Group interaction occurs, followed by 
‘epopulation of any group that suffered fatalities in 
‘warfare; members ofthe reconstituted groups then 
imeractin the public goods game, afte which they 
‘eproxluce in proportion to their share ofthe group's 
total payoffs in the game (couples producing an 
average of two surviving offjpring so as to maintain 
‘group size; finally, de parental generation dies and 
migration of the new generation occurs. 

Our agent-based computer simulation ex- 
plored the properties of this model under a range 
‘of parameters calibrated to resemble the environ- 
‘ment of most late Pleistocene and early Holocene 
(i.e, prior to about 7000 years ago) humans (/9). 
‘Our benchmark group size (n= 26 members of a 
single generation ora total size of about 78) could 
represent a coalition of three bands, each of a 
total size likely 1 have approximated a late 
Pleistocene band (25), The benchmark migration 
rate (25% per generation) is based on observed 
hunter-gatherer population movements. Our 
‘metapopulation is composed of 20 groups, giving 
it a total size thought to be common among late 
Pleistocene ethno-linguistic units, 

Figure 2A. gives an approximation of the ex- 
plicit dynamics ofthe underlying Markoy process, 
the arrows indicating selection against parochials in 
the absence of altrusts and conversely, as expected. 
Figure 2B shows that as a result of this dynamic, 
‘over a very long period, the simulated population 
spends most of the time in states with many paro- 
chialalrists and few of the other three types, or in 
states with many tolerant nonaltruists andl few of 
the other three types Inthe former case, high levels 
‘of parochialism promote frequent conflicts, the 
victors being those groups with many parochial 
altrusts. By contrast, when tolerant nonalirusts are 
prevalent, hostilities are rare, the benefits of co- 
‘operative between-group interactions are substan- 
tial, and the within-group selection pressures aginst 
parochials and altruists therefore predominate. 

Statistical analysis of very many generations 
in which the population is near point bin Fig. 2A 
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indicate that both altraism and parochialism ane 
sustained by levels of intergroup conflict and 
deaths in warfare that are considerably below 
estimates from archaeological and ethnographic 
data relevant to late Pleistocene and early Holo- 
‘cene conditions (/9). In the bellicase states near 
point b in Fig. 2A, 3.6% of the total population 
Perish each generation in warfare, compared to 
‘an estimate of more than three times this number 
based on ethnographic and archaeological evi- 
dence (/1). Our results thus donot require im- 
plausibly high levels of war-induced mortality. 
The top and middle panels of Fig. 3 illustrate 
transition processes between states close to point 
‘sand those close to point b. These infrequent and 
abrupt transitions occur in both directions be- 
‘cause, a8 a esult of the rindom nature of matching 
of mates and groups, outcomes of group inter- 
actions, migration, and mutation, the population 
‘may move from the neighborhood of either point a 
(or point b to a state where the selective forces rep- 
resented by the arrows in Fig. 2A cary the pop- 
ulation t0 the oppesite comer of the state space. 
The bottom pane! is a summary of states in a large 
‘number of runs. As seen in the bottom left pand, 
when parochial almuists are prevalent in the pop- 
ulation, fewer wars occur because groups tend to be 
evenly matched. The bottom right pane! shows that 
‘when wars are mare frequent, there tend to be mon 
parochial altusts in the population, 
Experiments with altemative parameter values 
(19) show thatthe population frequency of parchial 
aliwists and the incidence of deaths duc to war 
vary inversely with group size and the migration 
rue. This is because these population structure p= 
ramictes diminish the between-group ditlrences 
in the distribution of types, thereby both reducing 
the frequency of wars and weakening the effects 
of selective extinction when wars do occur. War 
‘deaths and the population frequency of parochial 
altruists vary positively with the extent of losses 
inflicted on civilians among the losers. Varying the 
rate of momtality among fighters first increases the 
fraction of war deaths and then lowers it, because 
for very high rates of fighter mortality ew parochial 
alias survive in the population and few wars 
occur. The results are not very sensitive to plausible 
variations in the benefits and costs of altruism. 
‘These results do not occur because parochial 
altruists directly benefit by increasing the chance 
that their group will prevail in a contest, as We 
have seen. Indeed, at most states, an individual 
‘who hypothetically switched to become a PA 
‘would incur a fitness lass larger than the cast (c) 
‘of contributing to the within-group public goods 
game. Nordo the two stable states (points aand b 
in Fig. 2A) arise because parochial altrusts and 
folerant nonaltrusts deliberately associate with ike 
types, asin the Eshel and Cavalli-Sforza mode! of 
“Selective assortment” (26). Preferential assortment 
with close genetic kin is not involved, because 
groups are quite lange and both migration and 
‘within-group pairing for reproduction are random. 
Rather, the crucial assortment processes that 
account for our results arise endogenously from 


the pattem of intergroup relationships, When co- 
‘operative interactions among groups are com 
‘mon, tolerant nonaltruists proliferate because they 
‘benefit from positive assortment when groups 
interact (because the pairs of groups that cooper- 
‘ate are those in which both have many tolerant 
members). Correspondingly, wars are character- 
ized by negative assortment benefiting parochial 
aliruists because evenly matched groups avoid 
wars, and the wars in which most parochial al- 
truists engage (and win) tend to be against groups 
with larger factions of the other three types. 
‘Thus, the enhanced reproductive success due 10 
increased group success in war that a parochial 
altrust confers on his group-mates tends to dis 
proportionately benefit other parochial altrusts, 
explaining their suocess. 

‘We have shown that transitions from tolerant 
nonaltnuistic and hence relatively peaceful states 
{o parochial altruist and bellicose states can be 
Yery rapid (occurring in less than 200 genera 
tions, oF about 5000 years) (Fig. 3). The marked- 
ly higher reproductive success of predominantly 
parochial altrist groups when interacting. with 
‘groups with fewer parochial altruists could there 
fore explain the rapid range expansions that are 
thought to be commen among, some late Pleis- 
tocene human groups and thus may partly explain 
the still puzzling second great hominid diaspora 
that swept from Africa as far as Australia in the 
‘course of no more than 10 rnillennia, 

The cocvolutionary dynamics of parochial 
altuism and war outlined here also provide a 
plausible explanation ofthe results of the behavioral 
‘experiments such as the one in Papun New Guinea 
mentioned above. On the basis of our mode, one 
\would expect tolerant altuis to bear costs in order 
{o give to both insiders and outsiders, and to punish 
these who violate norms. In view of the importance 
‘of mutually beneficial intergroup relations, punish 
ment of nom violators by aliuists would include 
‘out-group members as well as insiders. But paro- 
chialaluists would give prerentilly to their own 
members and punish those who harm group man 
‘bers mare severdly than if the victim is not an ine 
sider. Our mod! thus shows tha spite behavior 
toward outsiders and the other behaviors in the ex- 
Periment could have evolved by benefiting other 
‘group members when hostile intergroup contests 
‘occur. (In the experiment, punishing an outsider in- 
creases the relative payolls ofthe act's group be- 
‘cause the cost to the tanget is three times the cost to 
the punisher) Giving to others in the experiment 
‘even to one’s own group members—cannot be 
‘explained by kin altruism because the cost of giving 
\was the same as the benefit to the recipient 50 this 
kind of behavior would not be selected for even if 
‘group members were identical twins. 

Finally, the mode! and simulations contribute 
to an emerging evolutionary explanation of why 
‘group boundaries so powerfully influence human 
behavior (27-29), 

We have explained how Homo sapiens could 
have become a warlike yet altruistic species. But 
there is no evidence that the hypothetical alleles 


wawwsciencemag.org 


REPORTS [ 


Table 1. Expected payoffs to four behavioral types: Public goods and single generation), and f isthe fraction of the other group who are tolerant. 
‘Beaceful intergroup interactions. The fraction of group i who are altuiss is If the interaction is hosble, the bold entries do not apply; if no war occurs, 
JP. All members receive the benefit ofthe public good, bf". Tolerant players the payoffs to parochials and tolerants are identical. Simulation benchmark 
‘of both types receive the benefits of nonhostile group interaction, gnf, values of the parameters in the table are as follows: c = 0.01, b = 0.02, 
where 9 isthe benefit of nonhostde group interaction, mis group sze fa 9 = 0.001, m= 025, = 0.005, n= 26. 


Parochials Tolerant 
Alteuist of of — c+ anf 
Nonaltruist oft Of + gah" 
Fig. 2. Patochial altuist and A 
tolerant nonaltruist outcomes 
‘occur with high frequency. The os oS a= BF 
parameter values are as in Table :  & eew hk tN 
1 and Fig. 1. (A) Each vector J 5 eas eR 
Fepresents the epectedchange Egg] ~ * ‘ei * 
at each state, based on a tran- z ml ne: gwadw & ih A 
sition matrix recovered from the ny 
underlying perturbed Markov && Sree SRLN 
process on the basis of 5 mil- & 9-4) 2) dice Chal ees 
ion observations from 10 runs = mS Mt SP 
of 5000 generations starting at eee 2 
each of the 100 states as 0.2 
described in (29). Longer arrows Pid S) See aes = 
teflect a higher et transition i & sere Se Sree 
probability from each state. 0 
Stable states (ie., states at 0 02 04 06 08 
‘Which the population wil spend fraction altruists 


the most time under the oy- 
‘namic given by our model occur where bath frequencies are ~15% (pointa) and both ~85% (point b). Point cf a saddle (unstable critical point), (B)The height 
‘of the bars gives the long run fraction of time in which we observe the indicated pair of population-level frequencies of altrusts and parochials in the population, 
panels in the top and middle 


Wha Pe imac, 
{ch ook aN 
Tow show a reverse transition. 


Near point b in Fig. 2A, two- Wad at oy 

thirds of the population are 0 Oo ns a 

PAS on average and three. «-suon—~SCran—~—SCeen Cease 

‘quarters of group interactions generaton 

are hostile, Near point a, these 03 

figures are 4% and 24%, re Bo 
0: 


Saoees fe hy n 


Fig. 3. Transitions between 
peace and war. The left panels g 
in the top and the middle row 
illustrate a transition froma 8 og 
state near point a to one near 
point b in Fig. 2A. The right | 


show that high frequencies of 
parochial altruists in the popu 
lation sustain high frequencies 


mood eta er pr ore 


of warfare and vice versa, Wars 

are most frequent when 40 to 

70% of the population are 3° ~ Niki 

parochial altruists (because at nr 
these frequencies imbalances a a 
between groups are more com- ereracon 


mon), The numbers at the top as 
‘of each bar indicate the per- 
‘centage of 50,000 generations 
jn which this fraction of PAS 
‘and this many wars occurred. 
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in our mode! exist, or that were they to exist they 
could be expressed in the complex behaviors 
involved in helping others and engaging in lethal 
‘conflict. Thus, we have not shown that a warlike 
genetic predisposition exists, only that should 
‘one exis, it might have coevolved with altruism 
‘and warfare in the way that we have described. 

The vertical (parent-o-child) genetic trans- 
‘mission process in the model could be modified 
to encompass cultural leaming processes and in- 
comporate influences of peers and nonparental 
adults as well as parents. This extension would be 
essential if inferences about contemporary be- 
hhavior ane to be drawn from the model, for there 
is ample evidence that human parochialism can 
bbe readily redirccted and even overridden by de- 
liberate teaching, accidental exposure, and other 
aspects of socialization, 
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Nanomechanical Basis of Selective 
Gating by the Nuclear Pore Complex 


Roderick ¥. H. Lim," Birthe Fahrenkrog,™* Joachim Kaser,'t Kyrill Schwarz-Herion,* 


Jie Deng,” Ueli Aebi* 


‘The nuclear pore complex regulates cargo transport between the cytoplasm and the nucleus. We set out 
to correlate the governing biochemical interactions to the nanoscopic responses of the phenyalanine- 
slycine (FG)-rich nucleaporin domains, which are involved in attenuating or promoting cargo 
translocation. We found that binding interactions with the transport receptor karyopherin-(31 caused the 
FG domains of the human nucleoporin Nup153 to collapse into compact molecular conformations, 
This effect was reversed by the action of Ran guanosine triphosphate, which returned the FG domains 
{nto a polymer brush-like, entropic barrier conformation. Similar effects were observed in Xenopus 
‘oocyte nuclei in situ. Thus, the reversible collapse of the FG domains may play an important role in 


‘regulating nucteocytoplasmic transport. 


‘uclear pore complexes (NPCs) regulate 

nucleocytoplasmic transport (NCT) 

across the nuclear envelope (/-3). Each 
vertebrate NPC is a ~120-MD supramolecular 
assembly comprising ~30 different proteins, 
‘known as nucleoporins, that surround a central 
pore ~40 nm in diameter (4), The nucteoporins 
that are implicated in NCT are generally lo- 
ceated near the nuclear and cytoplasmic periph- 
cries of the NPC (5) and consist of natively 
unfolded domains rich in Phe-Gly repeat mo- 
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lif (ie., FG domains) (6). FG domains exhibit 
‘a functional redundancy (7) in terms of their 
binding promiscuity to transport receptors 
known as karyopherins (Kaps; also called 
importins and exportins) (8), which are re- 
‘quired to facilitate NCT of specific cangos 
greater than 40 KD in size (but smaller than the 
pore diameter) (9). In the absence of Kaps, the 
FG domains impose a physical barrier that 
impedes the passage of macromolecules through 
the NPC (5, 10). 

The dualistic functionality of the NPC, 
termed selective gating, is not strictly governed 
by size exclusion but exhibits a relative porasity 
that depends on the biochemical interactions 
involved during NCT. However, difficulties in 
directly visualizing the FG domains and their 
functional behavior in vivo ()have allowed only 
figurative descriptions of Kap movement, such as 
“stepping from one FG-repeat to the next” (/1), 


“sliding over oily spaghetti (12), or “sliding over 
1a surface comprised of FG-repeats” (/3), Alter 
natively, the FG domains may resemble gel 
“selective phase” within which only Kaps stay 
soluble and can “melt” through (70, 14). Hence, 
the question remains as to how Kaps physically 
affect the FG domains to ficitate transport 
across the NPC. 

‘To comate the burier-like behavior of the FG 
domains visei-vis Kaps, we covalently tethered 
the FXFG repeat-rich domain of Nup153 via ter- 
‘minal eysteines (ic, Cys-hNup153-C or cNupt$3) 
10 gold “nanodots” ~100 nm in diameter (15) 
(Fig, 1A). This allowed us to replicate a number 
‘of contextual details of the NPC: (i) FG-domain 
‘behavior in the NPC occurs at nanoscopic length 
scales; (i) each FG domain is anchored at one 
‘end to the NPC while the other end dangles 
‘out into solution, rather than freely floating in 
solution; and (iii) a limited number of FG do- 
mains are confined to cach NPC. Atomic force 
microscope (AFM) measurements provided the 
spatial distribution of the measured forces with 
respect to a cNuplS3-tethered nanodot (fig. 
SI), In the absence of karyopherin-1 (Kapp, 
also called importin-B), the eNup1S3 mole- 
cules exhibited a long-range steric repulsive 
force (Fig. 1A), which indicated that they were 
in a polymer brush-like, entropic barrier con- 
formation (15). 

Changes in the response of cNup!S3- were 
‘obtained by monitoring the brush height Lexy. 
decreasing from 29.1 nm— 17.9 m—+ 13.7 nm— 
11.3 nm as the KapBl concentration was in- 
‘reased from 0 — 115 fM —+2.5 pM 33 nM, 
respectively (Fig. 1, A and B), This decrease in 
Leap is comparable to the behavior observed in 
‘hexanediol (/5) and indicates that the eNup153 
‘molecules have transformed from a brush-like into 
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a more collapsed, compact state. This behavior is 
also consistent with AFM single-molecule force 
spectroscopy measurements, which showed that 
Kap(31-FG binding interactions cause individual 
‘eNup153 molecules to adopt more compact con- 
formations that require a larger mechanical force 
{and work) to unfold (16). 

‘Nuclear import is terminated by Ran guano- 
sine triphosphate (RanGTP), which dissociates 
Kap | from the FG domains and inhibits Kap 1- 
FG binding in the nucleus (//). Thus, RanGTP 
should effectively reverse the collapse of the 
eNup153 molecules by sequestering KapBl. To 
test this hypothesis, we introduced incremental 
amounts of RanGTP (specifically, the GTPase- 
deficient mutant RanQ69L-GTP) into the buffer 
after the distended eNupl53 molecules (Lap. ~ 
33.74 4.1 nm) were made fo collapse in 0.33 nM 
Kap (Ley 7.4 +3.6 nm). As anticipated, Lewy 
increased from 7.4 +3,6 nm —+ 1043.7 nm— 
16.24 3.6 nm — 34,5 + 6.4:nm upon increasing 
RanGTP fiom 00.1 nM —+0.21nM — 0.560M, 
respectively (Fig. 2A). This result indicated that 
the entropic barier was fully restored and con- 
firmed that the collapse of ¢Nup 53 induced by 
Kap(31-FG binding is reversible by the action of 
RanGTP. 

AS a negative control, the effect of Ran 
‘guanosine diphosphate (RanGDP: specitical- 
ly, RanQ69L-GDP) was also tested on the 
eNup153 molecules. Unlike RanGTP, the as- 
sociation between RanGDP and KapBl is neg- 
ligible and does not affect the nuclear import of 
Kapp (/7). Additions of RanGDP (up to 40 
AM) had no effect (Lag ™ 10.9 + 3.1 nm) on the 
‘eNup153 molecules, which were made to collapse 


z 3 40 
Tip-sample distance D (nm) 


Fig. 1. Kapf1-FG interaction drives the collapse of cNup153. (A) The onset 
‘of steric repulsion measured by an approaching AFM tip (over a tip-sample 
distance D) provides a measure of the spatial range of the nanodot-tethered 
‘cNup153 molecules (La). Representative measurements show that Las 
decreases from 29.1 nm —~ 17.9 nm ~ 13.7 nm + 11.3 nm as the Kapil 
concentration is increased from 0 (100% phosphate-buffered saline) + 115 
{1M + 2.5 pM 33 nM, respectively. Each force curve is offset by 0.3 nN to 
aid visual clarity. (B) The decay of Lop with increasing concentrations of 
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in 33 nM KapBl (Lap = 124 + 3.9 nm), 
Nonetheless, a subsequent injection of 35 nM 
RanGTP effectively reversed the collapsed state 
‘of the cNup153 molecules (Lewy 28.04 5.7 nm; 
Fig. 2B). 

‘Nupl53 has one of the few FG domains 
(Nup153-C) that has been topologically mapped 
using domain-specific antibodies (/8). Hence, 
its anchoring site at the distal ring of the NPC 
(Z8) allowed us to monitor its distribution at 
different functional states within the NPC. We 
used immunogold electron microscopy to es- 
tablish a direct topological correlation to the 
collapse of Nup153-C in the NPC. At steady 
state, Nup!53-C appeared diffuse around the 
nuclear basket of the NPC (Fig. 3, A and D) 
(28). Consequently, a microinjection of 2 uM 
Kapil produced a striking phenotype that was 
localized around the distal ring (Fig. 3, B and E), 
consistent with the collapse of the Nup!S3-C FG 
domains toward their anchoring sites. A further 
microinjection of § M RanGTP then retumed 
the Nup153-C steady-state distribution 
(Fig. 3, C and F). In comparison, the collapse 
‘of Nupl53-C was not reversible with 8 4M 
RanGDP as the second microinjection (fig. S2 
and table SI). 

The noncohesive properties of the FAFG 
domains (/9) suggest that their reversible col- 
lapse may play a prominent role in the selective 
gating of the NPC, particularly in vertebrate 
NPCs, which almost exclusively consist of FXFG 
domains (except for the GLFG domain of 
Nup98) (2). As we conceptualize in Fig. 3G, 
selective gating consists of a rapid, stochastic 
‘ux of collapsing and distending FG domains 
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‘owing to the dynamic nature of NCT, rather than 
switching only between “open” (ic, collapsed) 
‘or “closed” (ic. entropic barrier) states. Because 
the rate of NCT is much slower than the 
relaxation time of a random polypeptide coil 
(millisecond versus microsecond time scales) 
(20), this may explain the inereased transport 
‘ates at elevated Kapil concentrations (2/). This 
view is further supported by the fact that the FG 
domains (in the midst of ongoing Kap-FG inter 
‘xctions) are not phenotypically collapsed, as 
‘additional nonphysiological reagents (ic, hex- 
‘anediol) are required to abolish the NPC barrier 
altogether (10 

To breach the entropic barrier, Kap-FG 
binding interactions cause the participating FG 
domain(s) to collapse locally toward their 
anchoring sites in the NPC, effectively “reeling” 
Kap-cargo complexes into the central pore as the 
FG domains bind to multiple hydrophobic sites 
‘on the Kap (23) (eg., via “fly-casting” (24)]. Ibis 
‘noteworthy that the reversible collapse of the FG 
domains can also accommodate large-scale re- 
‘arrangements within the central pore during the 
translocation of larger objects (e.g, viruses (9)]- 
‘Taken together with the collapse of NupI53 in 
hhexanedio! (15) and at 4°C (25), such behavior 
substantiates the notion that 
Proteins can funct 
disordered and collapsed-disordercd states as a 
result of changes in their configurational entropy 
(26). Nonetheless, the quantitative extent of the 
FG-domain collapse during physiological NPC 
function is difficult to predict in a cellular back- 
ground of competing specific and nonspecific 
interactions (27, 2 


10% 19% 10° 


Kap81 indicates that the collapse of cNup153 is caused by KapB1-FG 
binding: 2s illustrated, eight FG-binding "hydrophobic patches" (red) are 
included on individual Kap molecules (blue). This highlights how multiple 
binding interactions may occur between Kapp and neighboring cNup153, 
molecules. Ley does nat reduce to zero because Kapp is incorporated into 
the collapsed cNup1S3. molecules. Each data point corresponds to an 
average value of Lew obtained over ~100 force curves at the given Kapi31. 
concentration. Error bars denote SD. 
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We have been able to reconcile the dualistic physical responses of the Nup153 FG domain 
nature of selective gating within the context of to the biochemical interactions that gover 
FG-domain behavior by comelating the bio- NCT. The ability to resolve the nanoscopic 
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Fig. 2. cNup153 collapse induced by KapfS1-F6 binding is reversible by RanGTP. (A) After a collapse of 
‘cNup153 in 0.33 nM KapBt, Ley increases from 7.4 + 3.6 nm ~ 10.4 + 3.7 nm = 16.2 + 3.6m ~ 
34.5 + 6.4 nm as RanGTP is increased from 0 -> 0.1 nM -> 0.2 nM ~ 0.56 nM. The iitial value of Lew 
before collapse was 33.7 + 4.1 nm, hence the cNup153 collapse is completely reversed in 0.56 ni 
RanGTP. (B) Sequential additions of Kapfi1, RanGDP, and RanGTP demonstrate how the reversible 
collapse is regulated. Stating with the requisite cNup153 brush-lke conformation (up = 31.6 + 3.7 nm), 
injection of 33 nM Kapil causes the barrier to collapse (Lyyp = 12.4 + 3.9 nm). A subsequent addition 
‘of 40 nM RanGDP has no effect on reversing its collapse (Lo) = 10.9 + 3.1 nm). However, an additional 
35 nM RanGTP effectively reverses the collapsed state of the cNup153 molecules (Lj) = 28.0 + 5.7 nm). 
Each data point corresponds to an average value of La, obtained over ~100 force curves at each 
‘espective condition. Error bars denote SO. 


Fig. 3. Reversible collapse of Nup153-C in the NPC 
tevealed by immunogold electron microscopy. (A) 
Nup153-€ is diffuse within the nudear periphery of the 
NPC at steady state. (B) After a microinjection of 2 Mt 
Kapfi2 into the cytoplasm, Nup153-C is located pre- 
dominantly at the distal ring of the NPC, indicating a 
collapse of Nup153-C to its anchoring site. (C) An ad 
ditional microinjection of 8 uM RanGTP reverses the 
Kapps2-induced collapse by returning Nup153-C to is 
steady-state distribution. These observations are sum- 
‘marized in the histograms, where 0 nm in the x axis 
corresponds to the central plane of the NPC, and the 
distal ring, nuctear ring, and cytoplasmic ring moieties 
are located at -100 nm to -50 nm, -50 nm to 0:nm, and 
O nm to 60 nm, respectively. (D) Steady state (n = 164), 
(E) 2 yM Kap (0 = 159). F) 2 uM Kapp + 8 Mt 
RanGTP (n = 124). (G) Model of selective gating based on 
the reversible collapse of the FG domains. |: The FG 
‘domains form a corona-like entropic barrie surrounding 
the NPC in the absence of KapB1-FG binding inter- 
actions. The gray shaded area emphasizes (i) the range of 
the entropic barrier, and (i the stochastic fluctuations of 
the FG domains. It Kap-FG binding causes a local col- 
lapse of the participating FG domains toward their 
anchoring sites, thereby drawing the Kap-cargo complex 
into the central pore. Il: Kap-cargo complexes translo- 
cate stochastically to the nuclear periphery via a flux of 
binding-collapsing and unbinding-distending processes. 
It RanGTP biases the direction of transport into the 
nucleus by sequestering the Kap, which dissociates 
the cargo and prevents further Kap-FG interaction. 
Throughout, non—Kap-bound FG domains maintain the 
eniropic barrier in order to exclude passive molecules 
from the NPC near-field. The cytoplasmic filaments and 
the nuclear basket have been omitted to emphasize the 
generality of selective gating. Scale bars in (A) to (O), 
100 nm; c, cytoplasm; n, nucleus. 
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behavior of the FG domains by identifying 
more closely the contextual details of the NPC 
highlights differences with macroscopic views 
[c-g., FG-hydrogel (/4)] that deserve consid- 
eration (supporting online text). At such 
‘nanometer length scales, the increase in surface- 
to-volume ratio implies that interfacial effects 
such as the brush-like behavior of the FG 
domains may become increasingly dominant 
(29). Thus, other physical attributes, such as 
the distance between the FG domains with 
respect to their anchoring sites relative to the 
pore topography, may also be important in de- 
termining how selective gating is optimized in 
the NPC. Another question concems the hyster- 
sis arising from the conformational sensitivity 
‘ofthe FG domains to Kaps and other conditions 
(eg, pH and temperature) and whether such 
“memory effects” can bias their behavior during 
experimentation, For now, the reversible col- 
lapse provides a useful benchmark in quantifying 
the behavior of FG domains, as wel as a means 
to identify their respective anchoring sites inthe 
NPC. More generally, the reversible collapse 
of (bio)polymers may be applied toward the 
selective gating of molecular transport and 
sieving processes in diverse applications un- 
related to NCT, 
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Changes in Regulation of a 
Transcription Factor Lead to 
Autogamy in Cultivated Tomatoes 


Kai-¥i Chen,**t Bin Cong,?* Rod Wing,” Julia Vrebalov,* Steven D. Tanksley**¢ 


We report the cloning of Style2.2, the major quantitative trait locus responsible for a key floral 
attribute (style length) associated with the evolution of self-pollination in cultivated tomatoes. 
The gene encodes a putative transcription factor that regulates cell elongation in developing styles. 
The transition from cross-pollination to self-poltination was accompanied, not by a change in 
the STYLE2.2 protein, but rather by a mutation in the Style2. promoter that results in a 
down-regulation of Style2.1 expression during flower development. 


he ability of plants to evolve new mating 

behaviors is @ notable feature of plant evo- 

lution, The most common change is for 
“obligate cross-pollinating (allogamous) species 
10 give rise to self-pollinating (autogamous) spe- 
cies, and it is estimated that 20 t0 50% of all 
extant plant species (including many cultivated 
plants) are sutogamous (/-3). Research suggests 
that the first step in the evolution of autogamy 
from obligate allogamy is the mutational loss of 
selfincompatibility, the molecular bases of which 
are now well understood (4). However, loss of 
self-incompatibility is not sufficient to guarantee 
selt-fertlization. Changes in floral morphology 
are also required to promote seifpolination rather 
than cross-pollination; however, the molecular 
bbases of these changes have been hitherto. un- 
known (5, 6). 
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A change in the position of the pollen-bearing 
anthers relative to the stigmatic surface of the 
pistil is commonly associated with the evolution 
‘of autogamy. Flowers in which the stigma is 
exserted beyond its own anthers are more likely 
to receive pollen from neighboring plants (Fig. 1, 
B and D), whereas flowers in which the stigma 
is recessed relative to its own anthers (Fig. 1, A 
and C) are more likely to selfpollinate. No- 
‘whore is this beter exemplified than inthe evolution 
‘of the cultivated tomato, Solanum lycopersicum. 


Most wild tomato species are allogamous and 
bear flowers with highly exserted stigmas (Fig. 1, 
B and D) (7, 8), However, the cultivated tomato 
{is autogamous and nomully bears flowers with 
recessed stigmas (Fig. 1, A and C), Fortunately, 
Merspe~ 
allogamous wild 
relatives, which permits the use of genetics 
dissect the basis of the changes in floral struc- 
ture that accompanied the evolution of the 
autogamous cultivated tomato from an ancestral 
state of allogamy (9-12). 

Recently, a series of quantitative trait locus 
(QTL) mapping experiments, using interspe~ 
cific erasses between S. Iieopersicum and vari- 
‘ous wild, allogamous species, have revealed that 
single major QTL on chromosome 2 accounts 
for most of the structural changes that attended 
the evolutionary transition from allogamous 
flowers  aulogamous flowers (10, 1), This 
QTL, designated stigma exsertion 2.1 oF se2.1, 
was subsequently shown to be a complex 1o- 
‘cus composed of at least five closely linked 
genes: three controlling stamen length, one con 
trolling style length, and one conditioning anther 
dehiscence (/2) (Fig. 2, A and B). OF these 
five loci, the one controlling style length (des- 
ignated Sle 2.) accounts for the greatest 


Fig. 1. (A) Flower from self-pollinating cultivated tomato (S. lycopersicum). (B) Flower from out- 


crossing, wild species S. pennellii. The stigma surfac 


recessed relative to the anther cone in 


S. lycopersicum but exserted in S. penneli. (C) Cross section of flower from S. ljcopersicum NIL with 
short-stye allele (recessed stigma). (D) Cross section of flower from 5. lycapersicum NIL with long- 


style allele (exserted stigma). 
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change in stigma exsertion and was hence 
selected for further study (/2). 

To identify the segment of DNA containing 
the Sivle2./ locus, a high-resolution map was 
cereated using 2704 F2 individuals derived from 
1 cross between the cultivated tomato M82 and 
‘4 nearly isogenic line IL2-5, which cary the 
“short-style” and “long-style” alleles at the 
‘Style2.1 locus, respectively (/2). The long-style 
allele derived from selective introgression from 
the wild, allogamous species S. pennellt (Fig. 
1B). The cause of style length variation was de- 
lineated between two adjacent erossover events 
(TA3043 and TA3034) encompassing a 20-Kkb 
interval in a previously described S. /seopersi- 


cum bacteria antici chromosome (BAQ) clone 
(Fig. 2, C and D) (12). Annotation of the BAC 
revealed a single predicted gene in the 20-kb 
interval, designated LO4, as well as the S° pro- 
moter region for a second gene, designated L02 
(Fig. 2D). 

Tn an effort to determine whether L02 or LO# 
are causally related to the short-style and long- 
style phenotypes, we executed a series of plant 
transformation experiments. Individual constructs 
containing the entirety of the LO4 and 102 coding 
regions, as well as upstream and downstream re- 
gions (fig. S1), from a lang-style, nearly isogenic 
line (NIL) (long-style genotype), were trans- 
formed into a short-style NIL (short-style geno- 
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Fig. 2. High-resolution mapping of se2.1 QTL. (A) Position of se2.1 on tomato chromosome 2. (B) 
Genetic dissection of the se2.1 QTL into five separate component loci, including style2.2. (C and D) 
Key crossover events (TA3034 and TA3043) delineating the style2.1 locus to 2 20-kb segment of 
BAC clone LE136C06, Blue and gold reverse triangles show positions of 450-bp and 750-bp indels, 


respectively. 
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Fig. 3. Cell number and cell length of mature styles from both long-style and short-style Nils. (A) 
Florescent image of style used to measure cell length and cell number. The four black vertical lines 
superimposed on the image demarcate the three adjacent cell files measured. The red horizontal 
lines indicate the boundaries between cells. (B) Style length and cell number values presented as 
means + 1.96 SEs. (C) The cell length averaged from consecutive sectors of 10 cells along the 
longitudinal axis of the style. Error bars, 95% confidence interval: filled bars, long-style NIL; 


hollow bars, short-style NIL. 
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type). The long-style allele is known to be 
dominant over the short-style allele (/2); hence, 
transformation of the long-style Sivle 2./ allele 
into.a short-style genotype would be expected to 
‘yield plants with longer styles. A total of 22 in- 
‘dependent £04 transformants were analyzed and 
‘compared with seven control plants transformed 
with only the L04 promoter (table S1, A and B). 
Statistical tests determined that the LO trans- 
formants did not produce flowers with styles 
significantly longer than the controls (P = 049) 
(able SLA). In contrast, 11 independent 02 trans- 
formants developed flowers with significantly 
elongated styles relative 10 eight control plants 
transformed with only the 02 promoter (P = 
0.01) (lable $1, C and D). These results were 
also verified in the subsequent T, generation for 
selected To plants (table $1, E and F, and fig. $2). 
Further, L02 was also transformed into tobacco, 
‘and again resulted in transformants with signif= 
icantly clongated styles (P = 0.03) (table S1, 1 
and J). 

‘These data all point to L02 as the gene re 
sponsible forthe Sie 2./ QTL, Further, because 
only the 5° region of £02 is contained within 
the crossover interval that delineates the Style 
2.1 OTL, the cause of the QTL responsibl 
stigma exsertion, and thus cross-pollination, is 
predicted to reside in the regulatory region of the 
LO2 gene (Fig. 2D). To investigate this possi- 
bility, we generated two additional transformation 
‘constructs: (i) the promoter from the long-style 
02 allele fused with the coding region (CDNA) 
‘of the £02 gene (long-style and short-style L02 
alleles encode identical proteins); (i) the pro- 
moter from the short-style L02 gene fused with 
the coding region (CDNA) of the 402 gene, If the 
‘cause of the Siyfe 2.1 QTL resides in the LO2 
promoter, one would predict that plants trans- 
formed with construct (i) should produce longer 
styles than those transformed with construct (ii). 
‘Transformation results bear out this prediction 
(P< 001) (able St, G and H), We thus con- 
clude that natural genetic variation in the LO2 
Promoter is responsible for the Sivle 2.1 QTL 
‘and evolution from allogamy to autogamy in the 
cultivated tomato, 

L02 encodes a short 92 amino acid polypep- 
tide that bears a conserved helix-loop-helix 
(HLH) motif but lacks the basic region typical 
‘of the broad class of basic helix 4oop-helix (bHLH) 
‘proteins (fg $3). The HLH motif is known to 
‘mediate protein-protein interactions among HLH 
proteins that function as transcription factors 
(3). Phylogenetic analysis revealed a few LO2 
‘homologs in related solanaceous species, as well 
as Arabidopsis and rice (fi. $4). Five of the Arce 
bidopsis homologs (At5239860, AtSg15160, 
‘Atlg74500, At3247710, and At3g28857) have 
been shown to enhance hypocotyl length when 
‘each individual gene was constitutively ex- 
pressed (/4), 

The two Shile 2.) NILS were subjected to 
developmental and in situ hybridization studies 
in an effort to determine in which tissues and 
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stages of flower development £02 is expressed. 
‘The results indicate that L02 RNA is present 
throughout style development (tig. SSA). More- 
‘over, while L02 is mainly expressed in develop- 
ing stylar tissue, some expression can also be 
observed around the ovules (fig. SS, B to E). 
Further, the long-style NIL differs from the short 
style NIL in that the former accumulates greater 
‘quantities of the £02 transcript throughout style 
development (fig. SSA), a finding consistent 
‘with the prediction that the Sve 2.7 QTL is at- 
{ributable to mutations in the S* regulatory por- 
tion of the £02 gene rather than to changes in the 
amino acid sequence of the encoded protein. 

In an effort to shed light on the mechanism 
bby which £02 modulates style elongation, we 
recorded cell number and size along the entire 
length of mature styles from both short-style and 
long-style genotypes (Fig. 3, A to C). Although 
the two genotypes differed significantly in style 
length, they did not differ with regard t the 
total number of cells in the long axis of each 
style, which suggests that increased cell elonga- 
tion is responsible for the longer style length of 
the long-style genotypes (Fig. 3B). To investi- 
gale this hypothesis, each cell file along. the 
longitude of individual styles was divided into 
‘consecutive sectors of 10 cells and measured (Fig. 
3C), The average cell length ofthe two genotypes 
did not differ, except for the sector encompass- 
ing the 91st 10 130th cells. In this distal region, 
cells of the long-style genotypes were signifi- 
cantly longer (P < 0.01) than their counterparts 
in the short-style genotypes (Fig. 3C). Thus, 
allelic variation at the L02 gene modulates style 
length, and hence stigma exsertion, through lo- 
calized, differential cell elongation in developing 
styles. These results also suggest that £02 isa pos- 
itive regulatcr of cell elongation, because greater 
accumulation of the £2 transeript (as seen in the 
long-style genotype) is associated with greater 
cell elongation and hence with exserted styles, 

‘The nucleotide sequence of the 5° promoter 
region of £02 (contained within the crossover 
interval that detimits the Style2./ QTL) (Fig. 2D 
and fig. $6) was compared between the long- 
style allele and the short-style allele. The results 
revealed a number of sequence differences, in- 
cluding 450-bp (base pair) and 750-bp deletions 
that were 4 kb and 8 kb upstream from the L02 
start codon, espeatively (fig. S7). Sequence anal- 
ysis from a broader cross section of tomato 
‘species revealed that only the 450-bp deletion is 
specific to the shortstyle allele found in the 
ciltivated tomato and hence is a candidate for 
the cause of the down-regulation of L02 asso- 
ciated with short styles (table S2). However, we 
cannot rule out the possibility that other, more 
subtle, sequence changes in the S’ region of 
the £02 promoter may be causal to the down- 
regulation of £02 expression associated with the 
transition from long to short styles. 

‘The evolution fom allogamyy to autogamy in 
plants is often associated with both a loss of self= 
incompatibility (mutation of the $ locus) and a 
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loss oF reduction in stigma exsertion. Which 
‘occurs first is a matter of conjecture, but one 
‘would predict that selfincompatibility would be 
lost first (rendering the plants capable of self- 
pollination), followed by loss or reduction of 
stigma exsertion (making it more likely that the 
plants would automatically self-pollinate). Ifthe 
loss of stigma exsertion occured before the loss 
‘of selfincompatibility, the plants would be un- 
able to either cross-pollinate oF selfpollinate—a 
selective disadvantage. Examination of the phylo- 
genetic tre of tomato and its wild relatives, with 
regard (0 mutations in the self-incompatibility 
(S) locus and shortstyle allele of L02, supports 
the previous order of events. Selfincompatibility 
was lost in the branch leading to the clade of 
five self-compatible species (fig. $8). However, 
the short-style allele of L02 apparently occurred 
later in the branch of the phylogenetic tree lead- 
ing to the cultivated tomato (fig. SB and table 
52). However, it must be recognized that this 
conjecture is based on genetic studies and se- 
quencing on a relatively small subset of tomato 
species accessions. A fuller understanding of 
the evolution of the Siyle 2.1 gene throughout 
the clade of tomato species must await futher 
studies, 
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Plant Pathogen Recognition Mediated 
by Promoter Activation of the Pepper 
Bs3 Resistance Gene 


Patrick Rémer, Simone Hahn, Tina Jordan,* Tina StrauB, Ulla Bonas, Thomas Lahayet 


Plant disease resistance (R) proteins recognize matching pathogen avirulence proteins. Alletes of 
the pepper R gene 8:3 mediate recognition of the Xnthomonas campestris pv. vesicatoria (Xcv) 
type Ill effector protein AvrBs3 and its deletion derivative AvrBs34rep16. Pepper Bs3 and its 
allelic variant Bs3-£ encode flavin monooxygenases with a previously unknown structure and are 
‘transcriptionally activated by the Xcv effector proteins Avrs3 and AvrBs3.Arep16, respectively. 
We found that recognition specificity resides in the Bs3 and Bs3-E promoters and is determined 
by binding of AvrBs3 or Avr8s3.Arepi6 to a defined promoter region. Our data suggest a 
recognition mechanism in which the Avr protein binds and activates the promoter of the 


cognate R gene. 


sistance (R) proteins, a class of plant 
RR ire te nti te 
‘of pathogen-<derived avirulence (Avr) 


proteins, are a wellstudied facet of the plant 
defense system (/). The bacterial plant pathogen 


Institute of Biclogy, Department of Genetics, Martin 
Luther-University Halle-Wittenberg, 0-06059 Halle 
(Saale), Germany, 

‘Present address: stitute of Plart Biclogy, University of 
Zirich, Zolikerswasse 107, 8008 Zatch, Switzerand, 

to whom correspondence should be addresed. E-mail: 
Lbhaye@ genet unthalle de 


Xanthomonas campestris pv. vesicatoria (Xcv) 
uses a type Ill secretion (T3S) system to inject 
‘an arsenal of about 20 effector proteins into the 
‘host cytoplasm that collectively promote viru- 
lence (2). R protein-mediated defense in response 
to Xev effector proteins is typically accompani 
by a programmed cell death response referred to 
as the hypersensitive response (HR). 

‘One Avr protein that R proteins recognize is 
AvrBs3, a member of a Xanthomonas family of 
hhighly conserved proteins (3). The central region 
of AvrBs consists of 17.5 tandem near-perfect 
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34-amino acid repeat units that determine 
avirulence specificity (4). AvrBs3 also contains 
‘nuclear localization signals (NLSs) and an acidic 
transcriptional activation domain (AD) (5, 6). 
similar to eukaryotic transcription factors, and 
induces host gene transcription (7). Mutations in 
the NLS or AD of AvrBs3 abolish pathogen 
recognition by the matching pepper R gene Bs3 
(5, 8), which suggests that recognition involves 
the transcriptional activation of host genes. 
Previously we identified bacterial artificial 
chromosome (BAC) clones derived from the pep- 


per (Capsicum annuum) cultivar Early California 
Wonder 30R (ECW-30R) that cover the Bs3 
gene (9). For complementation-based identifica- 
tion, fragments of a Bs3-containing BAC (9) 
‘were cloned into a plant transformation vector 
and were delivered into Nicotiana benthamiana 
leaves via Agrobacterium numefaciens-mediated 
transient transformation. Two nonidentical clones 
carrying the same coding sequence triggered an 
HR in N. benthamiana when cotransformed with 
‘avrBs3. A genomic DNA fragment containing 
only the predicted coding sequence and ~1 kb 


A 


f 


oo nes ee 


Fig. 2. (A) Recognition specificity of the Bs3 allele from ECW-30R. The Bs3 gene and/or aw genes were 
‘expressed transiently in N. benthamiana leaves via A. tumefaciens (ODqo = 0.8). Dashed lines mark the 
‘inoculated areas. Four days after infiltration, the leaves were cleared to visualize the HR (dark areas). 
(B) Bs3-E and/or avr genes were transiently expressed in N. benthamiana leaves. (C) The relationship 
between domain structure and activity of AvrBs3, AvrB3 derivatives, and AvrBs4. Plus and minus signs 
indicate presence or absence of the HR in N. benthamiana upon coexpression ofthe pepper B53 or Bs3-E 
allele, respectively. For details, see Fig. 1A White- and gray-bored areas in the central part of the protein 
represent the repeat region of AvrBs3 and AvrBs4, respectively. AD refers to the C-terminal acidic 
transcriptional activation domain. (D) Gene structure of the ECW-30R Bs3 and the ECW 8:3-E alleles. 
Exons, introns, untranslated regions, and promoter regions are displayed to scale as white, black, gray, 
and hatched boxes, respectively. The length of these elements (in base pairs) is indicated within the 
boxes. Differences between the B53 alleles are marked in bokiface. A 13-bp insertion in the 853-£ promoter 
relative to the B53 promoter is undettined. Nucleotide postions of the promoter and exon 3 polymorphisms 
are relative to the transcriptional and translational start sites, respectively. Amino acids encoded by the 
polymorphic region in exon 3 (E, Glu; L, Leu; F, Phe) are depicted above and below the nucleotide 
sequences. 
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‘of sequence upstream of the ATG mediated 
AvrBS3 recognition, confirming that this gene is 
Bs (Fig. 1A). 

‘AvrBS mutants lacking the AD (AvrBs34AD) 
‘or repeat units 11 to 14 (AveBs3Arep!6) did not 
trigger HR in pepper Bs3 plants (4, 5) and also 
failed to trigger HR in N, benthamiana when 
coexpressed with the cloned Bs3 gene (Fig, 1A). 
AvrBs4, which is 97% identical to AvrBs3 but 
is not recognized by pepper Bs3 genotypes (10), 
also did not trigger HR in N. benthamiana when 
‘coexpressed with Bs3 (Fig. 1A). Therefore, Bs3 
maiates specific recognition of wildtype AvBS 
in both pepper and N. benthamiana, but not when 
AvrBS lacks the AD or repeat units 11 to 14; 
nor does 8:3 mediate recognition of the AvrBs3- 
like AvrBs4 protein (Fig. 1C). 

‘The Bs3 gene has three exons and two jin- 
trons (Fig. 1D), is 342 amino acids long (Hig. S1), 
‘and is homologous to flavin-dependent mono- 


Fig. 2. Chimeras containing the promoter (arrow) 
of the Bs3 allele (white) and the coding region 
(bax) of the 853-£ allele (black) or the reciprocal 
Combination (right side of the leaf) were expressed 
together with ovrBs3, awBs3Avep16, and deriva- 
tives as indicated. Asterisks mark areas in which 
‘only A. tumefaciens delivering the chimeric con- 
structs was infitrated. Dashed lines mark the inoc- 
tulated areas. Four days after inoculation, leaves 
were cleared to visualize the HR (dark areas). 
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Fig. 3. Semiquantitative RT-PCR on cDNA of non- 
infected and Xovnfected pepper ECW-30R (83) and 
EQW (253-£) leaves 24 hours after infection. The 
‘ovrB3-like genes that are expressed in the given 
cv strains are indicated in parentheses. Elongation 
factor 1a (EFLa) was amplified as a control 
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‘oxygenases (FMOs) (fig. $2) (J1). B33 is most 
closely related to FMOs of the Arabidopsis 
YUCCA family (tig. $3) but lacks a stretch of 
~70 amino acids present in all related FMOs 
(fig. $4). 

The AvrBs3 derivative AveBs3Arepl6, 
hich lacks repeat units 11 to 14, triggers 
HR in the pepper cultivar ECW but not in the 
near-isogenic Bs3-resistant cultivar ECW-30R 
(4). We transformed N. benthamiana with the 
ECW Bs3 allele (Vermed Bx3-£) including ~1 kb 
Of the promoter and showed that it mediated 
recognition of AvrBsRArepI6 but not AvBs3 
(Fig, 1B). Funthermore, AvrBs3Arep 6 lacking the 
‘Caerminal AD did not trigger HR. when coex- 
pressed with Bs3-£ (Fig, 1B), and Bs3-£ did not 
‘mediate recognition of AveBs$. Thus, B33 snd 


A 
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Bs3-E represent functional alleles with distinct 
recognition specificities (Fig 1C). The coding 
sequences of the two Bs3 alleles differ by a 
single nucleotide conferring» nonsynonymous 
change in exon 3, resulting in a leucine- 
Phenylalanine difference (Fig. 1D and fig. S1), 
The promoter regions also differed by a 13-base 
pair (bp) insertion in Bs3-E compared to Bs3, at 
position -S0 relative to the transcription star sit. 

We fised the Bs3 promoter to the Bs3-E coding 
sequence and vice versa, then cotransformed 
N. benthamiana with these chimeras in combi- 
nation with avrBs3, avrBsArep/6, oF the corre- 
sponding AD mutant derivatives. The Bs3 
Promoter fused to the Bs3-E coding sequence 
‘mediated exclusively AveBs3 recognition, wheres 
the reciprocal chimera (Bs3-E promoter fused 10 
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Fig. 4. (A) Probes de- B 


rived from Bs3 and Bs3-£ «=< ONAprobe, #2 —4 14} I 
promote sequences used in OSTAnBa3_ = «60300 600-60 300 600 0 300 000 
EMSAs. Numbering is rl~ Ci ee eis 2 & 
ative tothe transcriptional poung 

‘start site, The 13-bp inser- probe . ° 

tion inthe 633-E promoter 

{is indicated in boldface. 

Positions of biotintabeled 

NA fragments are indi- 

cated by lines above and 

bbelow the promoter se- es 

‘quences Probes | and ico. probs 

respond to 8s3 and Bs3-E 

promoters, respectively, 

whereas probe ill cot: © OWAsrove Fs 4 14 
fesponds to an identical ONAcompetior = b= —4h—ar—4 4 4 
region in both promoters, ‘sven 80 100 200 $0 100 200 - 60 100 200 60 10 200 
(B) EMSA with AvBs3 ——boupa_ a 

and Bs3- or BS-E-derved ah ° id 

probes ina 6% non- 

denaturing polacyamide 

gel. Protein amounts are 

in fmol. Positions of the 

bound and free probe are 

indicated on the left) se 

ENA competition experi 

iment between AvrBs3 and 


different amounts (in fmol) of a 
ronlabeled competitor probe. (D) 
‘Chromatin immunopredpitation was 
conducted with AvrBs3-spectic anti- 
bodies on extracts from ECW-30R 
(853) and ECW (Bs3-£) plants that 
were infected with Xcr wild-type 
(WT avrBs3) strains oF an isogenic 
type Ill secretion-deficient Xcy mu- 
tant strain (AhreY awBs3). Leaves 
were harvested 12 hours after 
‘inoculation. Semiquantitative PCR 
with 32, 34, and 36 cycles 


‘was conducted before i 


input) or on immunoprecip- 


immunoprecipitation 
itated material (). ECW-30R (Bs3) and ECW (Bs3-E) derived PCR products differ in size because of a 


‘13+bp insertion in the 853-E promoter. 
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the Bs3 coding sequence) mediated exclusively 
recognition of AvrBs3Arep 16 (Fig. 2). Thus, the 
‘promoter and not the coding region determines 
recognition specificity of the pepper Bs3 alleles. 

‘Semiquantitative reverse transcription poly- 
‘merase chain reaction (RT-PCR) revealed strongly 
increased Bs3 transcript levels in pepper ECW-30R 
Bs3 plants upon infection with arBs-expesing, 
but not avr Bs3Arep16- or avrBst-expressing, Xo’ 
strains (Fig, 3). Likewise, Bx3-E levels in ECW 
Bs3-E plants increased upon infection with 
avrBs3Arep|6-expressing Xev strains, but not 
when infected with avrBs- or avrBs4-expressing 
ev strains. AD-tnutant derivatives of avrBs3 andl 
avrBs3Arep/6 did not induce accumulation of Bs3 
‘or BS3-E mRNA. Expression pattems were ute 
altered in the presence of the translation inhibitor 
cycloheximide (fig. $5) which indicates that 
accumulation of the Bs3 and Bs3-E transcripts 
was independent of de novo protein synthesis. 
Agrobacterium-medisted transient coexpression 
of ovrBs3 and a Bs3-GFP (green fluorescent 
protein) fusion construct under the control of the 
Bs3- promoter caused GFP emission, whereas 
delivery of Bs3-GFP on its own did not result 
in GFP emission (fig, $6). Together these data 
indicate that AvrB33 and AvrBs3Arep!6 induce 
transcription of the respective R genes Bs3 and 
Bs3-E, and that the subsequent accumulation of 
these R proteins triggers HR. In agreement with 
this result constitutive expression of Bx or BU3-E 
tunder the cauliflower mosaic virus 3SS promoter 
triggered an avrindependent HR (fig, $7), We 
identified 8:3 mutants with single amino acid 
replacements that were not compromised in 
protein stability but no longer triggered HR 
‘when expressed in. benthamiana (fig. S8), 
indicating that the enzymatic activity of B33 is 
crucial 10 its function as a cell death inducer 

Electrophoretic mobility shift assays (EMSAs) 
with GST-AveBs3 fusion protein and biotin- 
labeled Bs3 and Bs3-E promoter fragments (Fig. 
4A) showed that AvrBs3 bound to both Bs 
and Bs3-E-derived promoter fragments con- 
taining the polymorphism, although affinity 
appeared higher for the Bs3-derived fragment 
(Fig. 4B), Competition assays with labeled Bs3- 
derived promoter fragments and nonlabeled Bs3- 
‘and Bs3-E-derived promoter fragments, and vice 
Versa, confirmed that AvrBs3 binds with high 
affinity to the Bs3 promoter fragment and with 
low affinity t0 the &s3-E promoter fragment 
(Fig. 4C), In contrast, AvrBs3 did not bind to a 
DNA fragment from a nonpolymomphic region 
of the Bs3 promoter (Fig. 4B). Furthermore, 
EMSA studies showed that both AvrBs3 and 
AvrBs3Arep16 have a higher affinity for the By3 
promoter than for the Bs3-E promoter (Fig. 4 
and fig. S9). Therefore, promoter binding per se 
of AvrBs3 or AvrBs3Arep16 is not the basis for 
promoter activation specificity 

We performed chromatin immunoprecipitation 
assays by infiltrating pepper ECW-30R (Bs3) 
sand ECW (Bs3-E) leaves either with avrBs3- 
‘expressing Yew wild-type strains or with an is0- 
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genic eV mutant strain. HreV is a conserved 
protein of the core T3S system with mutants in- 
capable of delivering T3S effector proteins (/2). 
‘After immunoprecipitation with an antibody to 
‘AvrBs3 (/3), enrichment of the Bs3 but not the 
Bs3-E promoter region was detected by semi- 
‘quantitative PCR (Fig, 4D), This demonstrates 
that Xewdelivered AvrBs3 binds to the Bs3 pro- 
‘moter in vivo with higher affinity than to the 
Bs3-E promoter. Given that Bs3 promoter en- 
richment was detected in leaf material inoculated 
‘with the wild type but not with the fre’ mutant 
strain, we conclude that the Bs3 promoter is bound 
before cell lysis, 

We also infected the pepper cultivar ECW- 
123K containing the R genes Bs/, Bs2, and Bs3 
‘with xanthomonads delivering either the struc- 
tural unrelated AveBs1, AvrBx2, oF AVEBS3 pro- 
twin of none of these Avr proteins. RT-PCR 
showed that the Bs3-derived transcripts were 
detectable only upon infection with avrBs3- 
expressing Xev strains (fig. $10). Therefore, Bs3 
is not transcriptionally activated in the course of | 
the Bs/- oF Bs2-mediated HR. 

Isolation of the pepper Bs3 gene uncovered a 
mechanistically novel type of recognition mech- 
anism and a structurally novel type of R protein 
‘that shares homology to FMOs, Recently, FMO1, 
an Arabidopsis protein that is sequence-related 
to Bs3 (fig. $2), was shown to be involved in 
pathogen definse (/4-16). Thus, FMO1 and Bs3 
‘may have similar functions. However, FMOI is 
‘wanseriptionally induced by a variety of stimuli 
including virulent and avirulent microbial pathogens 
(14, 16, 17). In contrast, Bs3 was not induced by 
Vinulent Xev strains (Fig. 3), nor by resistance 
reactions mediated by the pepper R genes Bs! 
and Bs2 (fig. S10). Moreover, 35S-triven Bs3 
alleles triggered an HR reaction (Big. $7), whereas 
a 35S-driven FMOF gene mediates broad- 
spectrum resistance but not HR (/4, 15). Thus, 
Arabidopsis FMOI and pepper Bs: diff with re- 
spect to thei transcriptional regulation and function. 

Our results show that the bacterial effector 
protein AvrBs3 binds to and activates the pro- 
moter of the matching pepper R gene Bs3. 
Analysis of host genes that are up-regulated by 
AvrBs3 (“ypa” genes) in a compatible Xev- 
pepper interaction (7, 78) led to the identifica- 
tion of the ypa-box (TATATAAACCN23CC), & 
conserved DNA element that was shown to be 
‘bound by AvrBs3 and that is also present in the 
£Bs3 promoter (Fig. 1D) (/8). This suggests that 
binding of AvrBs3 to the upa-box is erucial for 
activation of comesponding promoters. Howev- 
er, binding of an AvrBs3-like protein does not 
necessarily result in promoter activation, be- 
cause AvrBs¥Arepl 6 bound with higher affinity 
to the Bs3 than to the Bs3-E promoter (fig. S9) 
‘but only activated the Bs3-E and not the Bs3 
promoter (Fig, 3). Because AvrBs34rep16 and 
‘AvrBs3 differ in their structure, we postulate 
that upon DNA binding, their functional do- 
mains (eg, AD) are exposed at different 
promoter locations, which may define whether 


26 OCTOBER 2007 VOL318 SCIENCE 


AvrBs3Arep16 and AvrB are able to activate a 
given promoter. Additionally, given that the Bs3 
promoter determines recognition specificity, the 
Bs3 promoter might be coevolving to maintain 
‘compatibility with rapidly changing AvrBs3-ike 
proteins, similar to that seen in the NB-LRR 
proteins (19, 20). 

We consider it likely that not only AvrBs3 
but also other AvrBs3 homologs bind to and 
setivate promoters of matching R genes. The 
recently isolated rice R gene X27, which me- 
diates recognition of the AvrBs3-like AvrXa27 
protein from Xanthomonas oryzae pv. onzae 
2), is twanscriptionally induced by AveXa27, 
tnd thus itis tempting to speculate that the Xa27 
Promoter is a direct target of AveXa27. Howev- 
er, whether AvrXa27 acts directly at the Xa27 
promoter remains to be clarified. 
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A Bacterial Effector Acts 
as a Plant Transcription Factor and 
Induces a Cell Size Regulator 


Sabine Kay, Simone Hahn,? Eric Marois, * Gerd Hause,” Ulla Bonas*t 


Pathogenicity of many Gram-negative bacteria relies on the injection of effector proteins by type II 
secretion into eukaryotic cells, where they modulate host signaling pathways to the pathogen’s 
benefit. One such effector protein injected by Xanthomonas into plants is AvrBs3, which localizes 
to the plant cell nucleus and causes hypertrophy of plant mesophyll cells. We show that AvrB53 
induces the expression of a master regulator of cell size, upa20, which encodes a transcription 
factor containing a basic helix-loop-helix domain. AvrBs3 binds to a conserved element in the 
‘upa20 promoter via its central repeat region and induces gene expression through its activation 
domain. Thus, AvrBs3 and likely other members of this family provoke developmental 
eprogramming of host cells by mimicking eukaryotic transcription factors. 


ram-negative phytopathogenic bacteria 
Gites ‘cause a broad 

variety of diseases in crop plants (/). 
Pathogenicity depends on the translocation of 
effector proteins directly into the plant cell ey- 
tosol by a type Ill secretion (T3S) system (2). 
The AviBS3 family is a prominent effector class 
in Xanthomonas spp. (3), comprising major vir- 
tlence determinants (4-6). These effectors are 
characterized by 3 central repeat region, mclear 
localization signals (NLSs), and an acidic tran- 
scriptional activation domain (AD) (3). AvrBs3 


was isolated from X.campesiris pv. vesicatoria 
(Xe), the causal agent of bacterial spot disease 
‘on pepper and tomato (7), In susceptible host 
plants and other solanaceous species, AvrBs3 
cicits hypertrophy (ie., enlargement) of meso 
phyll cells (8) and also contributes to the dis- 
ppersal of Xev between pepper plants under field 
conditions (9), Cell enlangement is also found in 
‘other complex disease phenotypes [eg., citrus 
‘canker elicited by the AvrBs3-like effector PuhA 
from X. aionopodis pv. citri (10) and Pantoo 
cagglomerans-induced gall formation (11)]. 
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AvrBs3 has a central region consisting of 17.5 
nearly identical 34-amino acid repeats [which 
determine the specificity of protein activity in 
plants (8, 12)), fumetional NLSs, and an AD in 
its C terminus (/3-15)—all of which are essen- 
tial for AvrBs3 activity. Furthermore, AveBs3 
forms homodimers (/6) and appears to be a 
transcription factor localized to the plant cell 
nucleus (8, 13-15). Pepper upa (upregulated by 
AvrBs3) genes that are induced by AvrBs3 en- 
code, amongst others, putative c-expansins and 
uxin-induced proteins that might be involved 
in the induction of hypertrophy (8). However, 
most pa genes are indirect targets of AvrBs3 
because their induction requires de novo syn- 
thesis of plant proteins (8). 

To isolate upa genes that are direct targets of 
AvrBs3, we infected susceptible pepper plants 
[cultivar Early Calwonder (ECW)] with cv strain 
85-10 expressing avrBs3 oF canying an empty 
Vector in the presence of cycloheximide, which 
blocks eukaryotic protein synthesis. cDNA frag- 
ments corresponding (9 AvrBs3nduced pepper 
‘genes were identified by suppression-subtractive 
hybridization and confirmed by reverse Northem 
analysis and reverse transcription polymerase 
chain reaction (RT-PCR). Among these cDNAS, 
we detected the previously identified upal0 and 
‘upal! genes (8), validating our approach, as well 
as previously unrecognized AvrBS3-induced genes. 
‘One gene, designated upa20, encodes a putative 
transcription fictor of the basic helix-loop-helix 
(HLH) family and was chosen for farther analysis. 

‘We isolated the full-length cDNA of ypa20 
by rapid amplification of CDNA ends (RAC 
PCR and determined the corresponding ge- 
nomic sequence from a pepper BAC (bacterial 
artificial chromosome) library (17). wpa20 has a 
complex gene structure comprising eight exons 
and seven introns (Fig. 1) and encodes a pu- 
tative 340-amino acid bHLH transcription 
factor with a predicted molecular mass of 37.8 
KD. The bHLH domain, which generally serves 
as DNA binding and dimerization domain (18), 
is located in the region from amino acids 167 10 
225 (Fig. 1B) BLASTP analyses show that Ups20 
is most related to an uncharacterized protein from 
tice (0:09 90510500; accession BAF2SS48. 1: 48% 
identity and 63% similarity over 240 amino acids) 
and is also similar to BIGPETALp (BPEp) from 
Arabidopsis (accession CAK32499.1; 55% iden- 
tity and 70% similarity over 134 amino acids) 
Which is involved in the contr of petal size (19). 

‘To address the role of upa20 in the induction 
‘of hypertrophy, we performed virus-induced gene 


insite of Biology, Department of Genetic, Martn-uther 
University Halle Witenbera, Weinberqweg 10, 0-06120 Halle 
(Saale), Germany. “Biczentrum, Martin-Luther Univesity 
Halle Witenberg, Weinbergweg 22, 0-06120 Halle (Saale), 
Germany. 

‘Present address: Institut de Biologie Moléculaire et 
Cellulaire, CNRS Unité Propre de Recherche 9022, 15 rue 
René Descartes F-67084 Stasboury, France 

{To whom correspondence should be addressed. E-mail: 
la, bonas@genetik. uni -halle de 


woww.sciencemag.org 


silencing of upa20 in Nicotiana benthamiana, 
which severely reduced the normally strong 
AvrBs3-dependent hypertrophy, the result of which 
was visible as pustules on the lower leaf surface 
ig. 2, A and B). Agrobacterium-mediated upa20 
expression demonstrated that Upa20 alone in- 
duces hypertrophy in N. benthamiana and other 
solansceous plants (Fig. 2C and fg. S1). In pa2- 
expressing tissue of N. benthamiana, palisade 
and spongy parenchyma cells were strongly en- 
farged as compared with those in tissue of the 


Fig. 1. (A) Studure of ypa20 in A 
pepper. Coding and noncoding exons 
are indiated as black and white 
rectangles, and introns are indicated 
as black lines between the exons. (B) 
‘Amino acid sequence (30) of the 
UpaZ0 BHU region Gmina acs 
167 to 225). The amino adds that 
Gefine the bHLH motif (18) are color 
coded (basic region, blue; frst helix, 
yellow; loop, pink, and second helix, 
green). Conserved amino adds were 
changed to alanine in the basic 
region (208) and in the HLH di- 
merization moti (U20H). (C and D) 
Confocal taser scanning microscopy 
of N, benthamiana 2 days after 
‘Agrobocterium-mediated transfer of 
wpa20-ap (Oo ap (0). 4°6"- 
Diamidino-2-phenylindole (DAP!) 
staining indicates nudei Scale bars, 
20 um. (EN, benthamiana transient- 
y expressing gfp (), upa20=cmyc 
@), UaoBscemye @), and U2DH=cmnye 
(, 8 days postinftration (ip. (F 
UpaZ0 induces the expression of 
po7, encoding a putative c-expansin. 
RT-PCR analysis of susceptible pep- 
per plants 1 and 2 dpi of Agrobac- 
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control (Fig. 2, D and F), The hypertrophy re- 
‘ction was phenotypically similar to tissue tran- 
siently expressing aurBs3 (Fig, 2E) but was fister 
and stronger. Further cbservations revealed cell 
\wall invaginations exclusively in wpa20-expressing 
tissue, suggesting that cell wall synthesis is in- 
creased (Fig. 2, G and H), In addition, chilo- 
roplasts of upa20-expressing cells showed a 
decrease in starch content (Fig, 2, 1 and J) in 
‘accordance with cell enlargement being a highly 
energy-consuming process. Therefore, our re= 


TA 
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terium delivering avrBs3, ofp, upa20, U208, and U20H, respectively, is shown. EFIa was used as 


control for equal cDNA amounts. 


Fig. 2. (A and B) Transient ex- 
pression of avrBs3 elicits a hy- 
pertrophy in gfp-silenced (A), but 
not in upaZ0-silenced (B), N. 
benthamiana leaves, 11 dpi. (C) 
‘Agrobacterium-mediated expres 
sion of ovrBs3 (1) and upa20 (2) 
causes hypertrophy in N. ben 
thamiana 7 dpi relative to control 
empty transferred DNA (T-DNA) 
G)]. (D to F) Light microscopy of 
'N. benthamiana leaves 4 days ater 
‘Agrobocterium-mediated debivery 
of empty T-DNA (0), aw8s3 ©, 
and upaz0 (). (G) Higher magni- 
fication of a sector in (F. Arows 
indicate cell wall imaginations. 
Hlectron micrograph of a cell wall 
invagination of an N. benthamiona 
palisade cell expressing upaZ0, 4 dpi. 


‘Asterisks in (G) and (H) mark apoplastic spaces. (| and ) Chloroplasts of N. benthamiana cells 3 dpi with 
‘Agrobacterium delivering an empty T-DNA (I) or upa20 (). Scale bars correspond to 100 jim [(D) to (FI), 
30 pm (G), and 2 ym (CH) to (D)], respectively. Ch, chloroplast; CW, cell wall V, vacuole. 
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sults suggest that Upa20 is a master regulator of 
cell enlargement that stimulates cell growth, in 
contrast to BPEp from Arabidopsis, which re- 
duces cel size (19). Consistent with its predicted 
function as a transcription factor, N- and C- 
{terminal groan fluorescent protein (GFP) fusions 
‘of Upa20 were exclusively localized to the nu 


Fig. 3. (A) Promoter frag A. 
ments tested for AvrBs3 in ) 
s 3 FORO (838 
ducbilty. The transcriptional Fano aes bop 
start sites, in the presence of Fano 174 bp) 
‘AvrBs3 (+4) and predominantly 39 (120 bp) 
used in the absence of AVES3 ORs (760 bp) 
(37 bp upstream of +0, are FoR2 (717 bp) 
indicated with solid vertical FaR2 (55 bp) 
Lines The transcription start of 
FORZ was mapped to the 
‘ttB2 site of the construc 
Dashed lines and numbers 
above indicate postions with 


cleus, where they ofien concentrated in distinct 
foci (Fig. 1C and fig. S2). These foci are remi- 
niscent of nuclear speckles, which may be storage 
and assembly areas of transcription and splicing 
factors, supplying them to active transcription 
sites (20). When the basic region (U20B) and 
the dimerization domain (U20H) of Upa20 were 


respect to +2. (B) GUS assays. 
show Aw853 inducibility of 
the ypa20 promoter in N. 
benthamiana. Promoter frag 
‘ments shown in (A) and a upa 
box mutant derivative of 
FORO, FOROubm2 [see (CO, 
were cloned in front of a 
cegfpuidA reporter and tested 
by codelivery with avrBs3 and 
‘empty TONA. 4-MU, 4-methyt- 
tumbelliferone. Error bars in- 
dicate $0. (© The smallest 


‘Avrfis3-esponsive ypa20 promoter fragment (F2R2) (top row) as compared with a corresponding region in 
the upa0 promoter. Numbers refer to the transcriptional start site (+1) in the presence of AWBs3. 
Nucleotides that belong to the proposed upo box are indicated in italics. Asterisks mark nucleotides that 


were changed to G in mutant ubmi. 
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Fig. 4. (A) Fragments in the pepper upa20 region analyzed by ChiP. (B) ChIP 
analysis of pepper ECW 12 hpi with Xcv strain 82-2 (+7355) and the T3S system 
mutant 82-BAhrcV (~13SS). Fragments surrounding [(1); 197 bp] and downstream 
of the upa box [(2); 209 bp} [see (A)] were amplified with cycle numbers as 
‘indicated. (C) EMSA with increasing molar amounts of GST::AwBs3 incubated with 
50 fmol biotin-labeled 36-bp upaZ0 promoter fragments containing the upa box. 
‘The control is GST. Unlabeled WT fragments and fragments with a mutated upa box 
(ubma, see Fig. 3C) were used as competitor DNA. (D) EMSA of SO fmol biatin- 
labeled WT promoter fragment incubated with increasing amounts of GST: D 
‘AvrBs3AN4C (AvrBs3 repeat region) and GST::AvrBs3Arepeats. Unlabeled WT DNA 
fragments were used for competition. Arrows, bound probe; asterisks, free probe. 
‘The uppermost signals correspond to DNA in the slots. For expression of the GST 


fusion proteins, see fig. 59. 
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altered (Fig. 1B), both mutants failed to cause 
hypertrophy in N. benthamiana (Fig. VE), al- 
though all proteins were expressed in similar 
amounts (fig. $3). 

‘Together, these results suggest that Upa20 is 
‘a bona fide bHLH transcription factor, We won- 
dered whether any of the previously identified 
‘upa genes are target genes of Upa20. Induction 
‘of upa! to upad, expression of which requires 
de novo protein synthesis, starts 6 10 9 hours afler 
infection of pepper plants with Acv delivering 
AvrB33 (6), whereas ypa20 induction starts with- 
in 3 10 4 hours postinfection (hpi) (fig. $4), RT= 
PCR was performed with RNA from susceptible 
Pepper plants transiently expressing, upa20 and 
the upa20 bHLH mutants along with controls. 
Upa20 activated the expression of upa7, en- 
coding a putative a-expansin, which was shown 
to be dependent on the BHLH domain of Upa20 
(Fig. 1F), However, the other genes tested were 
not consistently induced by Upa20, suggesting 
that AvrBs3 activates additional genetic pathways. 

Our results indicate that the visible conse- 
‘quence of AvrBs3 virulence activity in suscep- 
tible plants, the induction of cell hypertrophy, is 
caused by AveBs3 targeting ypa20, a regulator 
‘of cell enlargement. To elucidate the mechanism 
‘of p20 induction, we tested for the require- 
ment of the eukaryotic motifs in AvrBs3. Pepper 
plants infected with Xcw expressing avrBs3 and 
‘mutant derivatives clearly showed that both the 
NLSs and AD are required for gene activation 
(fig. SS). In addition, deletion of four repeats 
abolished upa20 induction (fig. $5), demonstrat- 
ing that the central repeat region of AVIBS is 
indispensable for function. Similarly, the AvrBs3 
‘homolog AveBs4, which differs trom AvrBs3 


GST::AvrBs3 
protein 
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‘mainly in the repeat region (2), does not en- 
hhance upa20 expression, which is in agreement 
‘with the finding that AvrBs3 deletion derivatives 
and AvrBs4 do not induce a hypertrophy (8). 

To identify an AvrBs3-responsive DNA ele- 
‘ment, we isolated the promoter and determined 
the transcription start site of ypa20, Comparison 
of eDNA sequences revealed that, in the pres- 
cence of AvrBs3, transcription of upa20 starts 37 
‘base pairs (bp) downstream of the prevalent start 
site used for the basal level of ypa20 transerip- 
tion under non-inducing conditions (fig $6). Up- 
stream of both transcription start sites, a TATA 
‘box motif is located (lig. S6), These data sug- 
‘gest that ypa20 undergoes altemative transerip- 
tional initiation, which has been reported for a 
‘wide range of eukaryotic genes (22, 23) and is 
probably mediated by the action of different 
Iranseription factors, 

‘To analyze the AvrBS3 inducibility of the upa20 
promoter, we used a promoterless exf.mid 
feassette as a reporter in N. benthamiana afer 
Agrobacterium-mediated transformation. B- 
Glucuronidase (GUS) activities and GFP flu- 
orescence revealed that the p20 promoter is 
‘AvrBs3-responsive (Fig. 3B and fig, $7). Pro- 
moter deletions from both ends limited the 
AvrBs3-responsive region to a SS-bp sequence 
(Fig. 3, A and B), We searched for sequence 
similarities in the promoters of other putative di- 
rect targets of AvBS3, concentrating on pal 
(8). The upald promoter was isolated from pep 
pet ECW by genome walking and revealed a 
motif in common with the upa20 promoter that 
‘we termed the upa box (Fig. 3C). This motif 
contains a TATA box followed by two stretches 
of cytosine residues, separated by two and three 
‘other nucleotides, respectively. We exchanged 
all eytosines (Cs) of the motif with guanines (Gs) 
{asterisks in Fig, 3C; this mutant was designated 
‘ubm!), which abolished the induction of the re- 
porter gene by AvrBs3 without affecting the basal 
activity of the pa 20 promoter, Notubly, the upa 
box is also present in the promoter of the Bs3 
resistance gene, whose sctivation by AvrBs3 
leads to the induction of cell death in the re- 
sistant pepper line ECW-30R (24). In suscepti- 
ble ECW plants, a 13-bp insertion between the 
two C stretches in the ipa box also abolishes 
‘gene induction (24), 

We performed chromatin immunoprecipita- 
tion (ChIP) with an AvrBs3-specific antibody 
(25) to determine whether AvrBs3 associates with 
the upa20 promoter in planta Chromatin was 
isolated fiom popper ECW infiltrated with Xev 
strain 82-8 naturally expressing avrBs3 and a T3S 
‘mutant derivative (82-A/meV) that expresses 
‘avrBs3 but is not able to translocate effector pro- 
teins into the plant cell (26). AvrBs3 precipitated 
with the 49220 promoter containing the ypa box 
‘but not with a sequence located 2 kb downstream 
of the upa box (Fig. 4, A and B), This dem- 
onstrates that DNA binding is specific, albeit it 
isnot clear whether AvrBs3 binding is mediated 
by a plant protein. 
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Although AvrBs3 does not contain a classi- 
‘cal DNA binding domain (3), we tested whether 
itcdiretly interacts with the ypa20 promoter DNA 
in electrophoretic mobility shift assays (EMSAs) 
With a 36-bp biotinabeled pa20 promoter 
fragment containing the upa box. Addition of 
GST:AvrB33 identified a protein-DNA complex 
with levels that increased as increasing amounts 
‘of fusion protein were added, whereas glutathi- 
‘one S-transferase (GST) alone failed to bind 
DNA (Fig. 4C). The band shift was competed 
when unlabeled upa box DNA. was added, 
whereas the ubml fragment (Fig. 3C) competed 
in binding to a much lesser extent (Fig. 4C), 
demonstrating that AviBS3 is specifically binding 
to the upa box. In addition, EMSA with a biotin- 
labeled ubm! fragment confirmed a weaker bind- 
ing of AvrBs3 to the mutant as compared with 
that to the wild-type (WT) sequence (fig. SSA), 
and this binding was competed more efficietly 
by the unlabeled WT sequence than by the un- 
Jnbeled ubmI fragment (fig. SSB). 

‘An AvrBs3 derivative consisting of only the 
fepeat region bound the upa20 promoter frag- 
ment in EMSA, albeit less efficiently than the 
WT protein. In contrast, a protein containing the 
N and C termini of AveBS3 but lacking the re- 
eats did not bind (Fig. 4D). These data suggest 
that the 17.5 repeats in the central region of 
‘AvrBS3- mediate the specific interaction with 
DNA, which is consistent with the fit that the 
repeat region determines the specificity of ABS 
activity (8, 12), including ypa20 induction (fig, 
5). The AveB3 family member AvrXa7 shows 
an in vitro DNA binding activity with a pref: 
erence for adenine-thymine (AT)-fich DNA 
(27), Our finding (that C40-G mutations without 
change in AT content affected both binding of 
AvrB33 in vitro and activation of the upa20 
Promoter in planta) demonstrates that specificity, 
‘not base composition, determines binding. 

Previously, induction of hast genes has been 
reported for the AvrBs3-like effectors PthXol 
and AveXa27 from the rice pathogen X: oncae 
P¥. onzae. Both proteins differentially induce 
rice genes on the basis of their promoter var- 
iations (28, 29). Sequence polymorphisms are 
located within 80 bp upstream of the tran- 
scription start sites (28, 29) (i.e. in a similar 
position relative to the upa box in AvrBs3- 
responsive promoters). However, the upa box 
is not found in the rice gene promoters, sug- 
gesting that AvrB.3-like proteins have different 
DNA binding specificities, which are mediated 
by the comesponding repeat regions, The nearly 
identical repeats of AvrBS3-ike effectors usual- 
'y differ at amino acid positions 12 and 13 (3); 
hence, these amino acids might be involved in 
the specific interaction with DNA. How the 
highly similar effector proteins confer difler- 
ent DNA binding specificities is enigmatic and 
awaits the structural analysis of AvrBs3 and its 
homologs. In light of our data, we propose that 
the molecular principle of AvrBS3 action may 
be common to other members of this large and 


SCIENCE VOL318 26 OCTOBER 2007 


REPORTS b 


important family of type II effectors in bacterial 
plant pathogens. 
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A Linear Pentapeptide Is a Quorum- 
Sensing Factor Required for mazEF- 
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Mediated Cell Death in Escherichia coli 


Hana Kolodkin-Gal,* Ronen Hazan,** Ariel Gaathon,* Shmuel Carmeli,* 


Hanna Engelberg-Kulka*f 


‘mazEF is a toxin-antitoxin module located on many bacterial chromosomes, including those of 
pathogens. Here, we report that Escherichia coli mazEF-mediated cell death is 2 population 
phenomenon requiring a quorum-sensing molecule that we call the extracellular death factor 
(EDA). Structural analysis revealed that EDF is a linear pentapeptide, Asn-Asn-Trp-Asn-Asn. Each of 
the five amino acids of EDF is important for its activity. 


rogranmed cell death (PCD) is generally 
associated with eukaryotic multicellular 
“organisms (J, 2). However PCD systems 

hhave also been observed in bacteria (3-11). 
‘One of these systems is mediated by the toxin- 
antitoxin module (mazEF) located in many bac- 
terial chromosomes (//-13) and mainly studied 
in Escherichia coli (3, 10, 1D). E, coli mazF 
‘encodes a stable toxin, MazF (3), which is a 
sequene-specific endoribonuclease that prefer- 
centially cleaves single-stranded mRNAs at ACA 
sequences (14). macE encodes a labile anttoxin, 
Maz&, that counteracts the action of MazF (3), 
E. coli mazEF is a stress-induced toxin-anttoxin 
module, Thus, any stressful condition that pre- 
vents the expression of macEF will lead to a 
reduction of MazE levels in the cell, permitting 
the MazF toxin fo act. Such stresses include the 
transient inhibition of transcription and/or trans- 
lation by antibiotics such as rifampicin, ehlor- 
amphenicol, and spectinomycin, as well as DNA 
‘damage caused by thymine starvation, mitomycin C, 
‘nalidixic acid, and ultraviolet irradiation (/5, 16) 
We previously suggested that E. coli mazEF- 
mediated cell death is a population phenomenon 
(1). Here we confirm that E, coli’ mazEF- 
‘mediated cell death was dependent on the density 
‘of the bacterial population (fig. SI). Adding 
rifampicin for a short period to inhibit transerip- 
tion led to mazEF-mediated cell death at densities 
of3 * 108 or 3 x 10” cells’ml, butnotat 3 10° oF 
3 * 10° cellvml (fig. $1). Consequently, we ex- 
amined whether the supematant of a dense 
‘culture could restore mazEF-mediated cell death 
in a diluted culture. To this end, we added the 
supematant of a dense culture to a diluted culture 
and then induced macEF-mediated cell death by 
addition of rifampicin (Fig. 1A), chlorampheni- 
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ccol (fig. S2A), oF trimethoprim (fig. S2B). We 
concluded that mazEF-mediated cell death 
requires an “extracellular death factor” (EDF), 
We observed EDF activity in £. coli cultures 
during logarithmic growth but not during 
stationary growth (fig. $3). This finding come- 
lates with our previous results showing that 
E. coli mazEF-mediated cell death occurs during 
‘exponential phase but not during stationary phase 
(15), Here, we show that stationary-phase resist- 
ance to PCD results from a lack of EDF activity 
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Our preliminary characterization of EDF 
revealed that itis sensitive to extreme pH (Fig. 
1B), high temperatures (80° to 100°C) (fig. S44), 
and proteinase K (fig. S4B). For chemical 
characterization we purified EDF from a large 
volume of a supematant of an E, coli mid- 
‘exponential phase culture grown in a minimal 
‘medium, The supematant was collected and frac~ 
tions were separated on a C-18 SepPak cartridge 
(fig. S5) (17), Active fractions were purified by 
high-performance liquid chromatography (HPLC), 
and EDF activity comigrated with a single peak 
with an elution time of 20 min (Fig. 1, Cand D). 
To avoid damaging EDF in acidic conditions 
(Fig. 1B), we performed electrospray ionization 
‘mass spectrometry (ESI-MS) at neutral pH and 
‘obiained a peak of 661 daltons (Fig, 2A). This 
peak was not observed during standard MS 
analysis at pH 2.5 (fig. $6). Fragmentation 
(MSMS) analysis of the material from this 661- 
<dalton peak revealed that EDF is a linear peptide 
With the amino acid sequence Asn-Asn-Tip-Asn~ 
‘Asn (NNWNN) (Fig. 2, B and D), The four Asn 
residues in EDF are vulnerable to deamidation 
nonmally used for 


To test_ whether the NNWNN peptide is 
indeed EDF, we chemically synthesized an iden- 
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Fig. 1. (A) A supematant of a dense culture can restore mazéF-mediated cell death to a diluted 
culture. E coli MC4100relA* (wild type, WT) and MC4100re/A"AmazEF (AmazEF) were grown 
logarithmically (27). At a density of 2.5 x 10° cellsiml, samples were either not diluted (dense) or 
diluted to a density of 3 x 10* cellyml in prewarmed M9 medium (M9) or in a prewarmed supernatant 
of a dense culture (SN) (17). The samples were incubated without shaking at 37°C for 20 min and for 
another 10 min with rifampicin (10 g/m. CFU, colony-forming units. (B) Effects of various pls on the 
SN. SN was incubated at pH 3, 5, 7, 9, or 11 for 2 hours and titrated to pH 7. tts ability to restore 
‘mazkF-mediated cell death to a diluted culture was determined as in (A). (C) Milfabsorbance at 220 nm, 
determined during elution from the HPLC column of the purified supernatant (fig. S5). (D) EDF activity 
plotted as a function of elution time from the HPLC column. 
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When added to a diluted £. coli culture, the 
synthetic peptide enabled macEF-mediated cell 
death when induced in different E coli strains by 
rifampicin (Fig, 2C and fig. $7) and by several 
other stressful conditions (fig. S8). At a wide 
range of concentrations (2.5 t0 200 ng‘ml), the 
Killing activity of the chemically synthesized 
EDF was macEF-dependent; virtually no EDF 
setivity was observed in a mazEF knockout 
strain (Fig, 3), We further confirmed the macEF 
dependence of EDF by transforming the macEF 
knockout strain with a plasmid harboring the 
‘mazEF module, The presence of this module on 
the plasmid completely restored the killing ac- 
tivity of EDF (Fig. 3), Note that at higher con- 
centrations of EDF (>200 ng/ml), we observed a 
reduction of viability even in the mazEF knock- 
‘out strain (Fig. 3). We assume that at high con- 
centrations, EDF acts less specifically, possibly 
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inactivating other essential components. 

To determine the role of each residue in EDF 
activity, we prepared five synthetic peptides, each 
\with a Gly replacing one of the amino acids in the 
natural EDF sequence, and examined their bio- 
logical activity in the wild-type strain. Changing 
the first or fifth amino acid abolished EDF killing 
activity, whereas changing the second, third, or 
fourth amino acid led to a moderate reduction in 
Killing activity (Fig. 4). Thus, each amino acid 
in EDF is important for its activity, with the N- 
and C-terminal residues being the most critical. A 
similar hierarchy of amino acid importance was 
‘obtained when we examined whether mutant 
EDF molecules are able to inhibit wild-type EDF 
activity (ig. S9). EDFs mutated at the terminal 
amino acids (1 and 5) were efficient inhibitors of | 
EDF activity (fig. $9); however, mutated EDF 
peptides in which glycine replaced the amino 
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tical peptide and tested it for biological activity. by inducing some other PCD systems or by _acidsin positions 2, 3, or4 inhibited EDF activity 


‘only when the concentration of wild-type EDF 
was low. These results (Fig. 4A and fig. $9) 
indicated that amino acids 1 and $ had roles 
similar to each other, as did amino acids 2 
through 4. 

We further examined several characteristics 
of EDF required for its activity. Using synthetic 
peptides (Fig. 4B), we found that () the tripept 
NWN does not have EDF activity, whereas the 
heptapeptide NNNWNNN has partial activi 
(Gi) the presence of the same amino acid at 
‘extemal positions 1 and 5 of EDF seems to be 
important, and EDF activity was only partially 
reduced with Gly instead of Asn at these 
positions; and (ii) the presence of an amide at 
the extemal positions probably has a role in EDF 
activity, as the replacement of Asn by Gin (Q) at 
either end of the pentapeptide (QNWNN or 
NNWNOQ)-that is, a substitution that carries an 
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Fig. 2. The chemical nature of EDF identified by mass spectrometry. The mediated cell death toa diluted culture. E coli MC4100reIA* cells were grow a5 
chemical composition of the purified peak found to have EDF activity was carried in Fig. 1A At a density of 25 x 10° cell, samples were either not dilted 
‘out by ESI-MS (QTof2 Micromass instrument. (A) Peaks ranging from 200 to (dense) or cited to 3 x 10° cellyind in prewarmed M9 medium (diluted cutture) 
662 MW, among them one of 661 MW (marked by an amow). (B) The MSS or in a prewarmed M9 applied with chemically synthesized EDF (2.5 ng/mi) 
spectrum of the 661-MW peak revealed a peptide with the amino acid sequence (luted culture + EDP. Samples were incubated with rifampicin asin Fig. 1A. (D) 
NNWNN. (C) The chemically synthesized EDF-NNWNN can restore mazEF- Structure of EDF as determined by nuclear magnetic resonance analysis (table S1). 
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amide and is structurally related to Asn—ed to 
‘only a partial reduction in EDF activity. We 
‘conclude that NNWNN appears to be the optinial 
sequence for EDF function. 

Using database analysis, we searched the 
E. coli genome for DNA sequences comespond- 
ing to the amino acid sequence NNWNN. To 
‘our surprise, only five open reading frames pre- 
dicted peptide similarity to NNWNN (fig. S10). 
‘The deletion of only two genes prevented the 
production of an active EDF (fig. S11): =wf en- 
coding NNWDN (D = Asp) and yze0 encoding 
NNWN, The 2w/ product, camying the sequence 
NNWDN, may be the precursor of EDF, and a 
subsequent amidation step may generate the full 
NNWNN sequence. Amidation may occur 
either before or ater the cleavage of the pre- 
cursor by one of E. coli proteases. Our results 
indicated that Asn synthetase A (19) is involved: 
deleting the gene asd prevented production of 
active EDF, whereas deleting asnB (encoding 
‘Asn synthetase B) did not (fig. S11). In addition, 
‘our results revealed that the product of yO 
‘gene is also involved in the generation of EDF 
(fig, S11), 


Fig. 3. The response to chemically 
synthesized EDF is mazéF-dependent. 
E. coli NC4100reiA* (WT), MC4100reIA™ 
AmazEF (AmazEF), and MC4100re/A" 
AmazEF pkk223mazEF (AmazEF 
pKK223mazEF) were grown as in Fig. 1A. 
‘Strain MC4100reiA* AmazEF pkK223mazéF 
was grown in M9 applied with ampicillin 
(100 jig/ml. At a density of 2.5 x 10° 
cellsiml, samples were diluted in pre- 
warmed M9 to 2.5 x 10° cellyml and 
various concentrations of chemically syn- 
thesized wild-type EDF were applied. 
Samples were incubated with rifampicin 
(20 jm) asin Fig. 18. 


Fig. 4. NNWNN is the optimal mole- 
‘cule for EDF activity. (A) Each ofthe five 
amino acids is important for EDF 
activity, (B) The importance of size and 
‘external Asn residues for EDF activity. 
Chemically synthesized EOF (marked by 
NNWNN-EDF) or its modified deriva- 
tives were added at various concentra 
tions to diluted cultures of E. coli 
'MC4100rel4*. No EDF was added to 2 
control culture (marked “None"). Sam- 
pples were incubated with rifampicin 
as in Fig. 1A. 
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Bacteria communicate with one another via a 
variety of quorum-sensing signal molecules, or 
‘autoinducers, which have been found to be 
involved in bioluminescence, virulence, biofilm 
formation, sporulation, mating, and competence 
for DNA uptake, among other responses (20-25). 
‘Quorum sensing provides 2 mechanism for bac- 
teria to monitor each other's presence and to 
‘modulate gene expression in response to popula- 
tion density. Our results show that macEF- 
‘mediated cell death is a quorum-sensing process 
in which the EDF peptide isthe autoinducer. The 
cellular componeni(s) directly interacting with 
EDF are curently under investigation, as are the 
specific stage(s) in the mazEF-mediated death 
network that is affected. The quorum-sensing 
process involved in macEF-mediated cell death is 
Of interest for two reasons: (i) No other peptide 
besides EDF, to our knowledge, has been re- 
ported to be involved in quorum sensing in E coli, 
and (i) EDF appears to be a type of peptide dis- 
tinct from those known tobe involved in quorum 
sensing among Gram-positive bacteria, because 
EDF is symthesized from an enzyme (Zwf (23, 24) 
and because itis involved in bacterial PCD, 
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Increasing experimental evidence indicates 
that bacteria seldom behave as isolated orga- 
nisms, and in nature they more often exist as 
communities capable of intercellular communi 
cation and concerted social behavior (2/, 25, 26). 
We previously suggested that bacterial PCD is 
‘yet another manifestation of bacterial multi- 
cellularity (//) and have shown that macEF 
‘prevents the spread of phage infection (27), Here 
we report that E, coli macEF-tirected bacterial 
death is mediated by an extracellular penta- 
peptide (EDF) and that bacterial PCD appears 
{0 depend on cell-to-cell communication, When 
challenged by stressful conditions that tigger 
‘mazEF-modiated cell death, the bacterial popu- 
lation can act like a multicellular onganism in 
which a subpopulation of cells dies and releases 
nutrients (//) and/or signaling molecules, and/or 
clears phages (27), thereby permitting the sur- 
vival of the bacterial population as a whole, In 
addition, the death of a subpopulation may en- 
able biofilm formation by the release of compo- 
‘nent(s) providing the biofilm matrix (28). Finally, 
‘on & practical level, the ability 1 chemically 
synthesize an identical peptide carrying EDF ac- 
tivity may be a lead for a new class of antibiotics 
that specifically trigger bacterial cell death, 
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Inactivation of the Interoceptive 
Insula Disrupts Drug Craving and 
Malaise Induced by Lithium 


‘Marco Contreras, Francisco Ceric, Fernando Torreatba* 


‘Addiction profoundly alters motivational circuits so that drugs become powerful reinforcers of behavior. 
‘The interoceptive system continuously updates homecstatic and emotional information that are 
‘important elements in motivational decisions. We tested the idea that interoceptive information is 
essential in drug craving and in the behavioral signs of malaise. We inactivated the primary 
interoceptive cortex in amphetamine-experienced rats, which prevented the urge to seek amphetamine 
in a place preference task. Interoceptive insula inactivation also blunted the signs of malaise induced by 
acute lithium administration. Drug-seeking and malaise both induced Fos expression, a marker of 
‘neuronal activation, in the insula, We conclude that the insular cortex is a key structure in the 
perception of bodily needs that provides direction to motivated behaviors. 


1h important fictor that contributes to 

ddrug-secking in addicted individuals is 

the negative affective state that results 
from abstinence, described as increased anxiety, 
invitability, and sadness (J), Also important, at 
Feast at initial stages of addiction, are the bodily 
changes underlying the reinforcing properties of 
drugs. We hypothesized that affective states are 
monitored by the interoveptive system and par- 
ticularly by the insular cortex, known to process 
‘homeostatic and emotional information (2, 3) To 
test this idea, we reversibly inactivated the pri- 
mary insular cortex in amphetamine-experienced 
rats and tested them with the place preference 
paradigm, We also injected naive rats with 
‘malaise-inducing LiCl injections, monitored be- 
hhavioral measures of malaise, and reversed those 
signs by inactivating the insula. A preliminary 
account has been presented (4). 

Place preference tests (PTS) used a two- 
compartment biased apparatus (5, 6), with one 
‘white compartment paired with amphetamine (oF 
saline) administration, connected by a brown al- 
ley to a black compartment paired with saline. 
Rats were placed in the connecting alley at the 
beginning of each 10-min session, The procedure 
took 30 days (Fig. 1A), Drug-naive rats (all rats at 
PPTL, Fig. 1B) and rats treated with saline in the 
‘white compartment (fig. S1) spent more time in 
the black compartment, following their innate 
preference for darker places. Amphetamine- 
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treated rats considerably increased the time spent 
in the white compartment on PPT2. One hour 
later, they received bilateral injections of a Na” 
‘channel blocker (2% lidocaine, | yi per side) that 
is effective to reversibly block cortical structures 
for about 20 min (7), Insular cortex inactivation 
changed the place preference back to the black 
compartment (Fig. 1B, PPT3) while producing 
no effects on general ambulation (fig. $2). The 
effect of insular cortex inactivation was revers- 
‘ible, becatise amphetamine-treated rats chose the 
white compartment on PPT4. The specificity of 
insular cortex inactivation was demonstrated by 
bilateral injections of lidocaine into the adjacent 
primary somatosensory cortex or by saline injec- 
tion into the insular cortex of amphetamine- 
experienced rats. These rats significantly preferred 
the white compartment paired with amphetamine 
(Fig. 1B, PPT3). Amphetamine-experienced rats 
showed behavioral sensitization, a neural conse- 
‘quence of repeated psychostimulant exposure 
(ig. $3). 

Place conditioning to amphetamine was par- 
alleted by increased Fos immunoreactivity (Fos- 
if, a marker of neuronal activation, in the insular 
‘cortex (Fig. 2, A and B). In contrast, the primary 
somatasensory cortex showed no significant ac- 
tivation in amphetamine-experienced compared 
with saline-treated rats (fig. S4). In addition, 
amphetamine-experienced rats showed increased 
Fosvi in lateral hypothalamic area (LHA) orexin 
neurons 1 hour after PPT2, as previously dem- 
‘onstrated for cocaine and morphine (8) (Fig. 2, 
Cand D). 

If the inactivation of the insula disrupted the 
interoceptive feelings associated with drug clues, 
then its inactivation should also blunt the be- 


‘havioral effects of a well-known malaise-inducingg 
agent like LiCl (9), To test this idea, we bilaterally 
injected lidocaine into the insular cortex $ min 
‘before administration of LiCl (0.15 M: $ mikg 
intraperitoneal). Behavioral assessment started 
immediately and lasted for 30 min, 

Rats injected with saline into the insular 
‘cortex or with lidocaine into the primary somato- 
sensory cortex (Fig. 3) before the LiCl injection 
showed evident signs of malaise (10). They 
‘quickly laid on their bellies (Fig. 3, A and B),a 
‘postural index of malaise, dramatically decreased 
ambulation, and failed to respond with attenti 
movements when their cage was tapped. In con 
trast, the inactivation of the insular cortex blunted 
the behavioral consequences of LiCl administra 
tion (Fig. 3, A and B) for 15 min, a temporal 
‘course compatible with the inactivating effect of 
lidocaine at the dase we used (7). 

‘To further evaluate the participation of the 
insular cortex in the responses to LiCI, we studied 
Fos-r in a different group of rats killed | hour 
aficr LiCI or saline intraperitoneal injections, We 
found that LiCl administration induced a signif 
icant increase in Fos-ir in the anterior (bregma 
0.95 to -051) insular cortex (Fig. 3C), In hue 
mans, the anterior insula is activated by the fel- 
ing of disgust induced by certain odors and 
«during the observation of disgusted faces in others 
(JJ. 12). Also, electrical stimulation of the insula 
frequently elicited upsetting gastrointestinal 
feelings, often associated with nausea (/3), 

‘The guide cannulae were aimed at the pri- 
mary interoceptive cortex, located inthe posterior 
‘granular insular contex (7, 14-16) (Fig. 44), To 
‘confirm that we inactivated this cortical area, in 
addition to a eytoarchitectonic analysis of the 
cannulae tracks, we microinjected a different 
‘group of rats with the anterograde axonal tracer 
biotinylated dextran amine (BDA) of the retro- 
‘grade tracer cholera toxin (CIB) into the same 
‘coordinates as the cannula placement (Fig, 4B). 
‘These tracer injections were restricted to the pos 
terior granular insular cortex (/4) and labeled 
‘axon terminals (BDA) or cel! bodies (CtB) in the 
visceral thalamic nucleus, VPLpe, indicating that 
we were inactivating the primary interoceptive 
cortex (/5), This interoceptive information is 
‘then distributed through more rostral and ventral 
insular cortices to prefrontal cortices, as well aso 
limbic structures (17, 78), 

Withdrawal symptoms vary a great deal 
‘across different drugs, but negative affect symp- 
toms like anxicty, inritability, and sadness are 
‘common to all drugs (/). A recent study reported 
that patients with damage to the insular cortex 
could easily quit smoking because they lost the 
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Fig. 1. Amphetamine-experienced rats changed their 

preference for the drug-paired (white) compartment in a per 
place preference test (PPT) when the insular cortex was Us 
reversibly inactivated. (A) Time line of amphetamine 


administration and PPT. (B) Time spent in the drug-paired PPT3 PTS 
emmesy me arse EVAR EE Ap 
strongly chose the black compartment (PPTA). After repeated 
Amphetamine injections all three groups were conditioned 1 8 9 10111213 14 15 16 17 18 19 20 2122 29 30 (days) 
to prefer the white compartment (PPT2). One hour after 

PPT2, each rat was microinjected into either the primary 

‘somatosensory cortex or the insular cortex with lidocaine or Saline 
saline in the insula 5 min before PPT3 began. Only rats 

microinjected with lidocaine in the insula reverted to 

preferring the default black compartment. The next day 
(PPTA), all groups chose the amphetamine-paired compart- 
ment. ‘Single asterisks, P < 0.001; double asterisks, P = 
10.004, Eror bars indicate SEN: mi the number of rats. 


Per place preference tests 
US, lidocaine or saline 


[Saline Insula (n=7) 
HIE Lidocaine insula (n=7) 
MIME Lidocaine Somatosensory Cortex (n=5) 


. 
rar 


“] 


Time in amphetamine-pairad compartment (minutes) 


PPTI PPT2 PPTS PPT4 


Fig. 2. Amphetamine- 
‘experienced rats had sig- 
nificant inareases in Fosir 


absence of Fosir in a 
saline-treated rat (left) 
and_ significant increase 
jin Fosér (arow) in an 
amphetamine-experienced 
rat (right. (B) Quantifi- 
cation of Fos-ir in the 
‘granular insular cortex 
at different anteroposte- 
rior levels. Asterisks, P< 
(0.042. (C) Increased Fos- 


D Saline (n=6) 25) Saline (n=6) 
{= Amphetamine conditioned (n=8) 


1 Amphetamine conditioned (n=8) 


% Fost orexin-ir neurons 


° 
but notin saline controls 085 045 -026 -051 -108 -178 -245 
(lefd. (D) Quantification Level relative to bregma (mm) 
of Fosir in orexin neu- 
‘ons. Note the stronger response of medial LHA neurons. Asterisks, P= 0.001 for the medial and P = 0.011 forthe lateral LHA orexin neurons. Cl claustrum; ec, 
‘external capsule; LHA, lateral hypothalamic area. Scale bars indicate 100 um for (A) and 20 um for (O. 
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Fig. 3. Inactivation of the insular cortex attenu- 
ated malaise induced by LiCL (A) Significant 
increase (P = 0.002) in the latency to lie on belly 
(LOB) and (B) in the time spent LOB (P = 0.006) of 
‘ats whose insular cortex was inactivated with 
lidocaine (Lid) compared with rats who received 
saline injection in the insula oF lidocaine into the 
primary somatosensory cortex (S12). (C) LiCl 
intraperitoneal administration, but not saline, 
increased Fost in rostral granular insular cortex, 
Asterisks, P < 0.025. Error bars indicate SEM. 


Fig. 4. Lidocaine injec- 
tions targeted the poste- 
rior granular insular 
cortex. (A) Photomicro- 
‘graphs of a Niss stained 
section showing the bi 
lateral guide cannula 
(double arrows) and the 
injection cannula (ingle 
arrows) tracks, aimed at 
the posterior granular 
insular cortex (arrow- 
heads), RF, hina fissure. 
(8) Photomicrograph of 
BDA injection site into 
the posterior granular 
insular cortex, ie, the 
same insular region inac- 
tivated with lidocaine. 
This small injection ta- 
beled axon terminals 
into the ventral postero- 
lateral nucleus of the 
thalamus, parvicellular 
part [VPLpc, shown in 
ted in (Q]. (© Schematic 
drawing modified from 
‘Swanson’s atlas (7) of 
the caudal thalamus. (D) 
‘Axon terminals and a 
few cell bodies in the 
VPlpc labeled from the 
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‘granular insular cortex injection stein (B). Note the distribution of axons within the triangular VPLpc. (E) 
Photomicrograph of retrogradely labeled neuronal cell bodies into the VPipc after an injection of Ct 
restricted to the posterior granular insular cortex. Scale bars are 0.5 mm for (A) and (8) and 100 jsm for 
(0) and (€). Abbreviations: FF, fields of Forel; LP, lateral posterior nucleus; ml, medial temniscus; PO, 
posterior complex; VPM, ventral posteromediat nucleus; VPMpc, ventral posteromedial nucleus 


parvicellular part; ZI, zona incerta. 


Uunge to smoke (/9), The role of this cortex in drug 
craving is also supported by several imaging 
studies showing activation of the insula, as well 
as other cortical and subcortical regions, in 
addicts with cue-induced drug craving (20-22). 
Remarkably, activation of the insular cortex Was 
positively comelated with subjective reports of 
drug craving (20). 

‘The conscious perception of interoceptive 
signals may be a general ole ofthe insular cor- 
tex that explains why its inactivation blunts the 
‘urge to get a drug in addicted persons. It remains 
to be determined whether the insula anticipates 
the hedonic properties of the drug or whether the 
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insula reports the aversive state associated with 
Withdrawal that could be alleviated by ampheta- 
mine, as if it were a medicine. As J. Garcia has 
shown and discussed (9), when a flavored liquid 
like milk or grapefruit is given to animals re- 
‘covering from malaise (induced for instance by 
iC, they will seek the flavor that is now pre- 
dictive of a medicine. The insula is the cortical 
region that likely underlies conscious perception 
‘of the physiological state ofthe body (23), and it 
is in a key position to distribute this information 
‘o orbital, medial, and cingulate prefrontal corti- 
‘ces involved in decision-making (24) and to 
limbic structures involved in emotional responses 


A B c 
a 100, 
= z 
2 = % 00, ‘Saline (n=6) 
g Bal r E = Lic (n=6) 
: g . Be 
4 
j Eile Babs] ao 
a _ S 
Siime_tg wast § 
trea 20 


(095 045 0.5 -0.51 ~108 -1 78-245 
‘Level relative to bregma (mm) 


(U7, 23), lnteroceptive perception is modulated 
bby attention (26), and, like exteroceptive systems, 
the insular cortex and the interoceptive thalamus 
(VPLpx) are connected to a particular sector of 
the thalamic reticular nucleus, a key structure in 
selective attention (/6), 

Damage to the insular cortex. blocked the 
‘behavioral expression of a conditioned taste aver- 
sion (27, 28), and, as shown here, its reversible 
inactivation blunted the behavioral responses (0 
‘an unconditioned stimulus (LiCI) that induced 
malaise, Patients with insular cortex damage re= 
ported no decrease in food intake or desire to cat 
and no less pleasure in eating (19), These find- 
ings suggest that the insular cortex is reporting 
strong deviations from a “well being state,” and if 
‘0 then a low of absent insular cortex activity is 
interpreted by the brain as “feeling sound.” 
However, insula activation has also been reported 
in relation to pleasant touch sensations or sexual 
‘arousal (2). Interestingly, whereas exposure to 
appetitive food stimuli increased the metabolism 
‘of many brain regions including the insula, only 
the activation ofthe right orbitofrontal cortex, but 
‘ot the insula, was comrelated with self-reports of 
‘hunger and desire for food (29). 

(Our results indicate a key role for the inter- 
‘oveptive insular cortex in the craving for drug in 
‘amphetamine-experienced animals and in the 
‘perception of malaise induced by lithium admin- 
istration. Our results further suggest that the 
modulation of insula activity using noninvasive 
approaches (30) should be considered as. a 
therapeutic target 10 alleviate the craving. for 
drugs of abuse, as recently proposed by Bechara 
and colleagues (/9) for nicotine craving, and, ina 
more general sense, to ease distress interocep- 
tive symptoms not related to drug craving, 
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1 NEWPRODUCTS 


NIR Camera 


www.sciencemag.org/products 


The MicroVista-NIR is a back-thinned complementary metal oxide semiconductor 
(CMOS) instrument optimized for near-infrared (NIR) imaging. The MicroVista-NIR 
with 100% fill factor and proprietary anti-reflection coatings has near-infrared 
performance matching or exceeding far more expensive charge-coupled device 
(CCD) based cameras, according to the manufacturer. Applications for the Micro- 
Vista-NIR include biometrics, NIR microscopy, general low-light NIR imaging, 
medical imaging, hyperspectral imaging, and surveillance. The MicroVista-NIR 
focal plane array has a 1280 x 1024 format and high quantum efficiency at NIR 
wavelengths (700 to 1000 nm). It supports 30 frames per second. 


Intevac For information 408-588-2150 wwwintevac.com 


Fluorescein Labeling Kits 
Two new SureLink Fluorescein Labeling Kits 
enable labeling of antibodies and other proteins 
with the fluorophores FITC or FAN-X (FAM fluo- 
‘ophore with succinimidyl ester and a seven-atom 
aminohexanoyl spacer known as "X"), These kits 
contain all the essential reagents for labeting and 
purification, Optimized protocols reduce the time 
tolabel and purify to just two hours with minimal 
hands-on time, 

KPL For information 301-948-7755 


Neurite Outgrowth Assay 

The Neurite Outgrowth Assay isa newrkit in a drug 
discovery product line that offers specificity label- 
ing and neuronal cell bodies for high content 
imaging and analysis of neurite outgrowth and 
‘neuronal cell morphology. The kit makes use of 
high-quality, validated, target-specitic detection 
reagents for profiling in a variety of species, 
including human, mouse, and rat. The assay 
reagents offer 24-hour stability at rom tempera- 
ture. Its primary antibody is immunofluores- 
cence-based to specifically label neurites and 
‘neuronal cell bodies in heterogeneous cell popu- 
lations. 

Millipore For information 800-548-7853 

ve milipore com 


Cytotoxicity Profiling Assay 
The CellCiphr Profiling Assay Kit detects drug- 
induced hepatotoxicity and can be used early in 
the drug discovery process, The CellCiphr Cytotox- 
icity Profiting Panel makes use of human HepG2 
cells in an assay comprised of multiplexed detec- 
tion reagents and protocols for testing pre-clinical 
compounds against well-recognized cytotoxicity 
parameters. The panel provides multiplexed high 
content screening of 11 human cytotoxicity 
parameters over three time points, generating 10- 
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point dose-response curves in duplicate for up to 
16 test compounds and four contra toxins. 
Millipore For information 800-548-7853, 


sme milipore.com, 


Microplate Sealer 
The MatCapper is a budget-priced tool that 
reduces fatigue and the risk of repetitive strain 
injury from repeatedly hand-seating batches of 
‘microplates. The MatCapper is compact, portable, 
and easy-to-use. it enhances sample integrity 
and operational throughput through the use of 
special across-plate-pressure system, en: 
perfect plate sealing time after time. An anti-slip 
bbase prevents movement while in use. I is pow- 
der-coated to resist chemical spillage. 

Porvair Sciences for information 


++44:1932 240255 wormpowair-sciences.com 


Fraction Isolation 

The Focus SubCell kit enables the fast and easy 
isolation of nuclear, enriched mitochondrial, 
membrane, and cytosolic fractions. The mito- 
chondrial fraction can be subsequently separated 
into heavy and light fractions by gradient cen- 
‘rifugation, An additional step can minimize con- 
tamination of the nuclear fraction by cytoplasmic 
elements. The kit is suitable for cultured animal 
cells and is adaptable for animal tissues. 
Genotech/G-Biosciences For information 
314-991-6034 ww. GBiosciences.com 


Human1M BeadChip 

The HumanM DNA Analysis BeadChip contains 
‘more than 1 million single-nucleotide polymor- 
pphisms (SNPs) ona single chip. in addition to tar- 
geting an extensive catalog of known copy num- 
ber variation (CNV) sites, the Human 1M Bead- 
hip contains novel CNV content, developed in 
collaboration with biopharmaceutical company 
deCODE Genetics and not currently available 
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through any other array or public database. The 
comprehensive content of the chip offers high 
genomic coverage, power, and value per sample. 
Used with the infinium assay, itallows researchers 
to obtain and publish results quickly. Illumina’s 
integrated data analysis software tool, BeadStu- 
dio, allows CNVs and SNPs to be analyzed simul- 
taneously for a comprehensive view of DNA var 
ation across the genome. 

‘Mlumina For information 858-332-4055 

sre llumina com 


Automated Small Molecule 
Crystallography 

The compact Smart X25 benchtop x-ray cryst 
lography system is for fully automated three- 
dimensional (30) chemical structure determina 
tion. It is designed for use by chemists who have 
‘no special training in crystallography. Traditional 
‘xray systems for 30 structure determination are 
floor-standing and require significant infrastruc 
ture. The Smart X25 allows inorganic and organic 
chemists to produce atomic resolution, 3D struc- 
tures of routine samples in their own laboratories 
‘quickly and easily. It automates the previously 
difficult aspects of x-ray structure determination, 
from sample loading and alignment through 
data collection and all the way to the mathemat- 
ical structure solution. It weighs Less than 70 kg 
‘and requires only 0.5 KW of standard, single- 
phase AC power. 

ruker AXS For information 978-663-3660 

swam bdal.com 


\Newiy offered Instrumentation, apparatus, and laboratory 
‘materials of iterest to researchers in all disciplines in aca- 
emic, industrial and government organizations are featured 
in this space. Emphasis is given o purpose, chil characters- 
ties and availabilty of products and materials, Endorsement by 
Science or AAS a any products or materials mentioned snot 
‘implied. Additional information may be obtained {rom the 
smanulacture or supplier. 
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NEUROSCIENCE POSITIONS 


ASSISTANT PROFESSOR in 
CELLULAR/MOLECULAR NEUROBIOLOGY 
Boston Universi 

The Biology Department invites applications from 
‘outstanding candaiates for a tenure-track 3 
tment at the Assistant Profesor vel We eck a 
colleague who uses a molecular and/or cellular ap- 
proach to sty basic newrobwologcal questions 
‘ny animal model stems. New laboratory facilities in 
fn intendiciplinary Life Soence and Engineering 
bBuikling ara an attractive earup package are offered 
Responsitiltes will include establishing 3 research 
program with extramural funding and particpating 
Actively in undergraduate and graduate teaching. 
Prease submit by December 15, 2007, 3 hard copy af 
your curriculum vite, a statement of recarch and 
teaching interests, cepresentative reprints, aad three 
lester of reference ter Dr. Michacl Baum, Chair, 
Neurobiology Search Committse, Department of 
Biology, Boston University, 8 Cummington 
‘Strect, Boston, MA 02215 (</o Deirdre James, 
‘Search Coordinator). 

Please visit the following websites for information 


stout ths Reg Depew Bp 
www. bu.edu my) and th interdepartment 
Sea “rcbicer np/ fw 
tu.edu/ocuro/) at Howon Univers 
a ee 


Acie Employer. 


ASSISTANT/ ASSOCIATE PROFESSORS 
University of Puerto Rico 
Anatomy and Neurobiology 
sony and Neurobiology 
UPR) School of 
‘Medicine i recruiting for two tenure-track postions 
the Awiant or Awociate kvel, Applicants must 
ihave 2 Ph.D, postdoctoral experience and 4 sto 
commitment to recarch amd traning of graduate 
students. Extablahment of an independent externally 
finded research program is eapacted. Field of re 
search is open. Teaching responsibities may be in 
reuroscience, histologs/eall baokogy embryedoy 
and/or ons aratony for medcal/graduate stants 
iin cither English or Spanish). Review of applica 
tions will begin immedistely and continue antl the 
cation filled. To apply, sea curiculum vitae, cover 
er, separate statemenis of rexcarch and teaching 
caperience /nceres/plans, and names contact in 
formation of three rerences vo: Dr, Maria A. Som, 
srment of Anatomy and Neurobiology, 
Medicine, Univenity of Pucrto Rico, 
Box 365067, San Juan, PR 00936-5067 
(fax: 787-767-0788; for further information, e-mails 
mosa@ remupr.edu). The UPR Sioa of Saline © 
Taser Cenmifur os Neel Edeatinarctacd atl & at 
Equal Oppesnty Airave Aco Eager 


ASSISTANT PROFESSOR in PHYSIOLOGY 
oc NEUROSCIENCE of BEHAVIOR, studying 
molecular/celluli /endocrine mechanisms of behav 

ior (stating September 2008). We seck an individual 
using comparative, integrative, or computational ap 
proaches to study pronimate causes of behavior and 
{who complements our fculty with evolutionary aed 
‘ceokogcal interests (website: 

vuc.edu). Research could inchide areas such a © 
Eran furl mechan of bei, peurocnd 

cerindlogy, of behavioral endocnndlogy. Developenent 
‘of a rigorous, externally fanded research program i 
‘expected. Teathing dies may inchade undengradaate/ 
graduate councs in cell biology and neuroscience. 
Ph.D. or equivalent degree and postdoctoral expe 

rience required. Submit curriculums vitae, statement 
DOF research and teaching interests, and three letters 
[of recommendation tu: Eaculty Search Committee, 
Department of Biological Sciences, University 
‘of Cincinnati, Cindnnati, OH 45221-0006. Re 

siew of applicants will begin December 1, 2007, and 
‘ill continue until position is filled. The Uaventty of 
Giuianes is an Eu Oppoauuity/Afionative Action Ente 
ployer. Won, meet, aca, and pero utd d= 
fit ane ensured 1 apy 


ENCE 


>OSITIONS 


SMITH COLLEGE, ‘Tenure track ASSIST: 
ANT PROFESSOR to teach courses in neu 
‘osienar and psychology, and mainain an active 
‘research laboratory for undergraduates, Start, 
July 1, 2008, Adltional information can be 


found at website: heep://wwwsmith.edy 
‘Scanodaculy/ cate soAons mt Suet 
Camlege at Exnal Oppoetnity Empayeraruraing 
cexcllenatogh dines 


GLADSTONE INSTITUTE of 
NEUROLOGICAL DISEASE and UNIVERSITY 
‘of CALIFORNIA, SAN FRANCISCO 
Scientist wo co-drest Newrobehavoral Core La 

Tending Program in dacaserelited neure 

Senet ofr stimulating interactive emironment and 
state-of the at faites forthe behavioral anlyas 
af rodent mals of major role dines, 
lading Aldhamer’sdscic and Huingon’s xcs. 
Exccilent insitaionalsapport and benefits, Oppor 
tes "bl ara rope th Nl 
Fange of nationally recognized tvesigatrs within 

dadstone and thronghout Univenity of Caio 
Sin rancico. Outstanding academe background 
ad recvont esearch experience required. Applicants 
‘hou be commited tomanaging x product, high 
iWcalaboratve nrcbchavioral core laboratory and 
to ettending a8 acter into excking new direc 
tions Duties indude traning feearch asosates, 
faint students, and postdoxtoral lows advising, 
Evestigatom on experimental deni; indepah data 
analysand imerpectation, Opportunity to develop 
independent racardh projets relevant to neurolog 
Kat dicave model. Plene send rune, desrption 

feapercnce and interests and contac information 
for three relerenees to 

Lennart Mucke, M.D. 
Gladstone Institute of Neurological Disease 
1680 Owen Stree 
San Francisco, CA 94158 
E-mails muck 
Website 

Gadaone an Equal Oppomty/Afimatve Acer 

Bale 


The Deparment of Biology at Willam Paterson 
Uy es splice ack 
fbculy positions at he ASSISTANT PROFESSOR 
level Fu, required. Postdoctord rexcirch and 
teaching’ experience prefered. Candidates are 
xpectel to dereop a escurch program invobing 
Seen and taking advantage of fates, including, 
Sin euting aise Faikty (which has a fal time 
technician and no cage changes), ceston microsen 
Fr suite ad well equipped meecula biology lb 
rats. The Department offen, B.S, and M, 
dlgrees in bor baclogy and bitechnology. Teach 
ing responsibilities for both positions wil include 
some combination of padi, undergraduate, and 
service or general eduction course. 

ANIMAL PHYSIOLOGIST candidates with 
backgrounds in-melecular biology, immunolon, 
developmental biology or neurobieogy ate ence 


aged to apply. Teaching responsibilities include 
anatomy and physiology as well a6 courses in area 
‘of specialization 


EVOLUTIONARY BIOLOGIST with specialty 
to complement existing departmental strengths in 
molecular biology, ecology, oF behavioral biology 
The succesful caraidate wil teach coures in evolution 
as well as courses in genomics or bioinformatics. 

Applicants should submit curriculum vitae, 
statement of rescarch interests and teaching philos 
fophy, with the names, addrees, and telephone 
‘number: of three references to: Dr. Eileen Gardner, 
‘Chuaieperson, ‘oF Biology, Science Hall, 
William Paterson University, 300 Pompton Roady 
Wayne, NJ 07470, Review begins immediately and 
continues until the position is filed. IVPUN] i at li. 
tuatioe Azon/ Equal Oppereity Aime Actin Epa 
Oppesnity Iattutin women and minartics aw orcad 
Pigaars 


www.sciencecareers.org 
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FROM PROTONS TO POETRY 


Neurological and psychiatric disorders affect a growing number of individuals—nearly 
one in five Americans in a given year and more than two billion people worldwide. Fur- 
thermore, the scope of neuroscience is vast—ranging from the most basic cellularlevel 
research to translational medicine—and many unanswered questions remain. Interest. 
ing niche areas have emerged in neuroscience research such as neuroeconomics, neu 
tomarketing, and neural networks. Together, these factors make neuroscience one of 
the more exciting and opportunity-laden fields in which to pursue a scientific career. 
By Emma Hitt 


he subject areas that qualify as neuroscience are as far-reaching and as intercon 
nected as neurons themselves. Consequently, neuroscientists often work on ques 
tions that span several distinct subfields. Many neuroscience programs are inter- 
departmental and take on the structure of an institute rather than a department 
For example, the mission at the Neuroscience Institute of Stanford is to “achieve a 
‘new synthesis from molecules to mind, from analysis to application, from science to society.” 
‘According to director William Mobley, the goal is to translate the science “all the way from 
looking at synaptic function to deciding how children can learn how to read more effectively.” 
The institute includes 150 faculty participants from the Schools of Medicine, Humanities and 
Sciences, Engineering, Education, Law, and Business. 

Likewise, the Harvard Center for Neurodegeneration and Repair resides in small areas of 
‘many buildings and labs rather than being confined to one building, “The center has affilia 
tions with 18 hospitals, and whenever we set ourself a new research challenge, we identify 
the very best people in the community and draw them into a new collaborative program,” 
says Adrian Ivinson, the center's director. “That's very different from the approach in usual 
principal investigator-based labs.” To answer questions about complex neurological diseas: 
es such as Alzheimer’s and multiple sclerosis, one needs biostatisticians, disease experts, 
clinical experts, high throughput genotyping capacity, databases and databanks, and “you 
need them ata level that you couldn't expect to find in one lab,” he says. 

At Berkeley, the Helen Wills Neuroscience Institute has four main divisions: cellular and 
molecular, developmental, systems and computational, and cognitive and behavioral. Ac 
cording to John Flannery, the acting director, the institute has 50 faculty distributed across 
the campus, conducting research from the cellular level all the way up to dealing with pa: 
tients. “Graduates from our group can not only go to a basic science department, they could 
go to a medical school clinical department, and there’s a lot of interest in pharmaceuticals 
and biotechnology, especially in the Bay area,” says Flannery. 


Translational Cures 

Research likely to garner the most financial support will be that which has clinical applica 
tions, collectively called translational research. Psychiatric disorders are in fact brain disor: 
ders that involve abnormal activity in brain circuits, so having researchers who understand 
the brain in a deep and integrated way is going to be critical for the future, says Thomas 
Insel, director of the US National Institute of Mental Health (NIMH). “We need to have people 
who are interested in these illnesses and yet also are skilled in neuroscience. Neuroscience 
M.D.-Ph.0.s and Ph.D.s are definitely an important cohort for increasing NIMH support,” he 
adds. 

“The evidence keeps coming that there are genetic causes or risk factors for most if not 
all neurological diseases,” notes Lars Olsen, past chair of the Department of Neuroscience, 
at the Karolinska Institutet in Stockholm, Sweden. “A striking example is Parkinson's dis: 
ease—we know for sure that some forms are directly inherited and that complex genetic risk 
factors appear important for the rest of the cases.” According to Olsen, a trend in academia 
and industry will be to establish that Parkinson's disease for example, is not 


www sciencecareers org/businessfeatures 


Feature 


66 having 5 
researchers who 
understand the 
brain ina deep _ 
and integrated 
way is going to 
be critical for the 


From top: Michael Lehman, chair of the Department 
of Anatomy and Celt Biology at the University of 
Western Ontario with students; Thomas Insel, 
director of the US National Institute of Mental Health; 
Glenda Halliday and student Christine Song. 


UPCOMING FEATURES 
Focus on Diversity — November 16 


Interdisciplinary Research — November 23 


661 


Science Careers 


rr) 
vy 
z 
im) 
[S) 
7) 
is} 
(4 
] 
im] 
2 
z 
) 
4 
mT] 
ir] 
a 
< 
() 


| lit Massachusetts Institute of Technology 


Faculty Positions at MIT, McGovern Institute for Brain Research 


‘The McGovern Institute for Brain Research at MIT is seeking two faculty members at 
the Assistant Professor, Associate Professor or Professor level, The McGovern 
Institute's general focus is in systems neuroscience with an emphasis on the neural 
basis of perception, cognition, and action. We are Seeking two candidates with a 
research focus in any of these three areas, one using human subjects and the other 
using animal models. We would regard it as a plus i the candidate's work were to 
bridge levels using a variety of tools and/or the candidate were interested in translating 
basic research findings into new ideas for studying the pathophysiology or treatment 
of brain disorders. 

‘The mission of the McGovern Institute is to understand the relationship of neuronal 
processes, circults and computations to behavior, ultimately providing benefits to 
human health and weltare. Research in the McGovern Institute is expected to help 
people with brain disorders ranging from sensory system impairments to movement 
disorders and emotional and cognitive disorders. McGovern Institute scientists have 


Neurobiology and Behavior 


Faculty 


‘Stony Brook University's Department of Neurobiology 
‘and Behavior is camtiuing a major iiiative in 
reurscience and wil reauit muliple tere-track 
facully members atthe Assistant Professor level in 
2008 Outstanding scientists inal Feds of neuro 
‘cence will be coridereg bu thase engaged in 

2 muliissplinary approach to neural ceuits and 
twhavior are especialy ecouraged to apply. 
‘Successful candidates wil oinan active and 

verse grow of neuroscientists at Stony Brock 
Usiversty and its affiliated institutions, and wil 
also participate inthe Departments esearch 
fission and in udergraduate, graduate, and 
‘medical schoo! teaching 

Required: Applican's mus have a Ph.D. or equiva 
lent degree ard posiactoral experience. Excoptional 
packages include tae unded salary and ben 

rowdy renovated lab space, and generous start up 


many oppo 
fall of 2005, the Institute moved to occupy a new building, 
Imaging center for human subjects and animals. 


‘Applicants should submit a curriculum vitae, a summary of current 


Fesearch programs, a publication list and should arrange for three letters of 
(preferably POF) 
McGovern Institute Search Committee, at the following email address: 
McGoverninstituteSearch@ mit. edu. Please indicate which of the two positions you are 
ss will begin immediately and 
mation on the McGovern Institute 


recommendation ‘to be sent electronically 


applying Yr in your cover Toler. The review 
continue until positions are filed. For more it 


please visit our website at http:/wetsmit.edu/megovern 


MIT is an Affirmative Actor/Equal Opportunity Employer. Qualified women and 


‘minorty candidates are especially encouraged to apply. 


http: 


tunes for collaboration ina diverse and cuting-edge emvronment. Inthe 
which includes a brain 


tuning. Review of applications stars immediately 
‘an wil continue until all postions are filled. 

‘To apply online visit www.stonybrook.edu/jobs 
befriend 
‘ests, and contact information for three 
ferences to: Fauly Suaich Committoe 
Department of Neucbiolgy and Behavior 

Ufe Sciences Builsing, Story Brook University 
SUNY, Stony Brook, NY 11794-5230 

Reference Nurber: F4034-07-10F 


sateen” STANN'Y 
BRGNWWK 


proposed 
to. the 


ole cob wea 
Woche ae veterans 
sre onan io ao 


b.mitedu 


Newcastle 
University 


Institute of Neuroscience 

Professor/Reader and 

Senior Lecturer/Lecturer in 
Systems Neuroscience (Two posts) 


Agpications are invited trom workd-cass researchers in systems neuroscience 
for two senior academic posts. The Insttute of Neuroscience is a premier 
research grouning of over 100 academic stafl [RAE 2001 ratings 5/5) win 
particular strengths i sensory and systems neuosoence; compxtalens) 
rewoscience; audioy ad visual pecention: cognive nawoscence and 
evolution and behavow. The Insitute uniquely postioned in the UK 
for muit-species newoimaging, with a 4.7T varical Dow MAL magng cante, 
landed bythe Nort East's largest JF award (2002, aT cinicalbastc scence MAL 
Centre (2006), and a 7T smal-bore MA system to open in exty 2008. We row 
seek highly motvated indviduals wih outstanding rack records and promise in 
research, specfcaly in the areas of systems sectoptyscogy andor 
wwvenclac.ukWacancies! 


ewromaging. For informa engues, please contact 1s 
Giosing date: 21/11/07. 


Professor Aex Tele +44 (0) 191 222 7568 


For further information, including how to apply, 
please visit our web site at 


Professor Ama Hutbert +44 (Q 191 222 768 


‘TENURE-TRACK FACULTY POSITION 
DEPARTMENT OF NEUROSCIENCE 
SCHOOL OF ARTS AND SCIENCES 

UNIVERSITY OF PITTSBURGH 


Applications are invited for a tenure-track position at the level of 
Assistant Professor starting September, 2008, pending budgetary 
approval, Individuals whose research is inthe area of molecular and 
cellular neuroscience are especially encouraged to apply. Collegtial 
interactions and collaborative research are widespread within the 
Department of Neuroscience (http://www.neuroseience.pitt. 
edu), and across the extensive neuroscience community found in 
isburgh. Our integrative research environment is exemplified by 
the Center for Neuroscience at the University of Pittsburgh (CNUP; 
_bttp://enup.ncurobio.pittedw/) and the Center for the Neural Basis, 
‘of Cognition (CNBC; http://www.enbe.cmu.edu/), which bridges 
the University of Pittsburgh and Carnegie Mellon University. The 
successful candidate will be expected 10 establish an independent 
research program and participate in teaching of neuroscience to 
undergraduate and graduate students, 


Applicants should send electronic copies of curriculum vitae, a 
brief statement of research accomplishments and goals, and the 
‘names and contact information for three references, via email to: 
neurosci@pitt.edu. For full consideration, application materials 
‘must be received by December 1, 2007. Review of applications 
will continue until the position is filled 


The University of Piutsburgh is an Affirmative Action, Equal 
Opportunity Employer. Women and members of minority 
groups under-represented in academia are especially 
encouraged to apply 
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‘one disease, but perhaps 10, and 
to develop individualized treat- 
ments based on understanding of 
etiology. 

Programs tailored to transla- 
tional research are springing up 
nationwide in part due to initia- 
tives in translational research 
put forth by the US National Insti- 
tutes of Health (NIH), notably, the 
NIH's Blueprint for Neuroscience 
Research. The Blueprint is 3 co- 
operative effort among 16 NIH institutes, centers, and offices that 
supports the development of new tools, training opportunities, and 
other resources to assist neuroscientists in both basic and clinical 
research. 

‘Mostof the major medical schools now have translational research 
programs, says Raquel Gur, the director of the neurotherapeutics 
program at the Institute for Translational Medicine and Therapeutics 
atthe University of Pennsylvania, “Translational research is really the 
call of the hour,” she says. According to Gur, whose program special- 
izes in schizophrenia, translational neuroscience requires thoughtful 


Funding increases are needed 
“to ensure that our best and 
brightest young people will 


enter the field and continue to 
make neuroscience research 
advances.” 


classes of students studying to 
become M.D:s," says Olsen “but 
in the last 10-15 years this has 
changed so that now a small 
minority of the students we ac- 
cept for our Ph.D. program are 
derived from the M.D. curriculum 
classes.” 


‘Show Me the Money 

By most accounts, the limited 
funds for the hiring of postdocs 
‘and junior Faculty make such positions competitive, and this holds 
true for the neurosciences. “It's dificult right now because the NIH 
budget is not keeping pace with the increasing expense of biomedi- 
cal research,” says Berkeley's Flannery. “Private universities such as 
Harvard, Yale, and Princeton have historically hired more at senior 
levels—tending to hire the most distinguished scholars they could 
find, Junior faculty would be hired for three to six years and then 
have to move elsewhere, although there is a trend to hire more jun- 
ior faculty now, and this includes an effort to recruit more women 
‘and minorities into the sciences.” (Find more on this trend in the 


~David Van Essen 


consideration of the relevance of basic re- 
search findings to human behavior. “Until 
we started our translational research ef- 
forts, basic and clinical scientists read dif- 
ferent journals, and now they are e-mait- 
ing each other relevant articles.” 

Gur advises graduate students and 
junior postdocs in the neurosciences to 
push themselves to get what they need 
from their program or school rather than 
just accepting the resources available. 
“Ask yourself how you can become part 
of an interdisciplinary team that works to- 
ward a higher goal,” she advises. 


Going Global 
Opportunities exist globally in the neuro- 
sciences. Neural engineering and psycho- 
neuroimmunology are areas of increas- 
ing interest in Australian neuroscience 
research, according to Glenda Halliday, 
president of the Australian Neuroscience 
Society. Other areas that are emerging 
include neural stem cell research, neuro- 
informatics, and computational neurosci- 
ence, she says. 

At the Karolinska Institutet, areas of 
research include spinal cord injury and 
repair, the role of the dopamine system 
in health and disease, neurotrophic fac- 
tors and their receptors, the synapse and 
vesicle recycling, and neuronal membrane 
receptors and receptor interaction. “Previ- 
‘ously, almost all neuroscience Ph.D. stu- 
dents at Karolinska were recruited from 


Department of Anatomy and Celt Biology, University 
‘of Western Ontario 


‘wonvcuwocca/anstonny| 
‘Harvard Center for Neurodegeneration 
‘and Repair 
[Sew enema Baiverd eae 
Helen Wills Neuroscience Institute, Berkeley 
neuroscience.berkeley.edu 
Institute for Translational Medicine and 
‘Therapeutics, University of Pennsytvania 
‘Seorultmat upenn.edy 


Karolinska Institutet, 
Department of Neuroscience 
‘vevw.neuro.ki.se 


Neuroinsights 
vewneuroinsights.com 


Neuroscience Institute of Stanford 
neuroscience stanford.edu 
Neurotechnology Industry Organization 
_weermuneurotechindustry.org 
‘Society for Neuroscience (SFN) 
wow sin.org 


US National institutes of Health (NIH) 
_wvew.nih.gov_ 
US National Institute of Mental Health (NIMH) 
_weorimb.nih. gov 
US National Institute of Neurological 
Disorders and Stroke (NINDS) 
_ words. gov, 


www sciencecareers.org/businessfeatures 


careers feature published September 14, 
2007 ~ “Make Way for the Next Genera- 
tion: Junior Faculty Are Moving In” - dx.doi. 
org/10.1126/science.opms.r0700038.) 

The total NIMH budget for 2007 is $1.4 
billion, a figure that has remained essen- 
tially lat since 2004, Approximately 3,000 
‘grants for a total of $1.405 billion are pro- 
jected to be funded by the NIMH in fiscal 
year 2008. Similarly, the US National Inst 
tute of Neurological Disorders and Stroke 
(NINDS) funding has also remained con: 
sistent at $1.533, $1.534, and $1.537 bil- 
lion in 2006, 2007, and 2008, respectively. 
Current supported funding areas at NINDS 
and NIMH include counterterrorism and 
neuroscience research, neural prosthesis, 
program, neural stem cells, adult and pedi- 
atric translational research and treatment 
development, and the NIH neuroscience 
Blueprint. 

“Some institutions [in the United States] 
‘are no longer recruiting junior-level fac- 
ulty who don't have their own grant sup- 
port,” says Michael Lehman, chair of the 
Department of Anatomy and Cell Biol- 
ogy at the University of Western Ontario 
and president-elect of the Association for 
Neuroscience Departments and Programs 
(ANDP). “It’s a somewhat dismal environ- 
ment for recruiting young scientists,” he 
adds. “If only established investigators 
continueto be funded there will bea gener- 
ational gap, andthat's bad forneuroscience 
and science ingeneral.” continued » 
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‘Tenure-Track Position in Neuroscience 


‘The Department of Neuroscience of the Warren Alpert Medical School 
at Brown University invites applications for a tenure-track position at 
the level of Assistant or Associate Professor. Applicantsshouldhavea 
Ph.D. or M.D. degre, postdoctoral esearch experience, anda record 
of excellent research that addresses fundamental questions in neuro- 
science. We seek individuals who are using innovative techniques to 
explore neural mechanisms bridging molecular, neuronal, and brain 
functions, The successful applicant must be qualified to develop an 
externally funded research program, apd must be committed to the 
education of undergraduate, graduate, and medical students. The pro- 
grams in neuroscience at Brown ae in the process of expanding and 
the Department moved to anew tuildng in early 2007. For more infor 
‘mation about the environment, sce http://neuroseience.brown.edu/ 
and http:/iwww.brainscience.brown.edu. 
Applicants should submit a curiculum vitae, description of research 
plans and no more than 3 representative reprints electronically 10 
neurosearch@brown.edu. Letters of recommendation (3 for 
sistant and 5 for Associate Professor) should be sent 10: Searel 
Committee Chair, Department of Neuroscience, Box GL-N, 
Brown University, Providence, RI 02912, Applications received 
by December 1, 2007 will be ensured full consideration, 


Brown University is an Affirmative Action/ 
Equal Opportunity Employer. 


Faculty Position 
in Systems Neuroscience 


& Washington 
University in St.Louis 


We seek an individual whose research uses non-human primates to 
acidress important questions in systems neuroscience for a tenure 
track faculty pasition at a junior or senior level in the Department 
‘of Anatomy and Neurobiology at Washington University Schoo! 
‘of Medicine in St. Louis (http://thalamus.wustl.edu), Applicants 
who work on sensory processing and whose research includes a 
strong computational aspect are especially encouraged to apply. 
‘The department houses 25 faculty actively involved in neurabio- 
logical research, and itis pant of a much larger interdepartmen- 
tal neuroscience program (http://neuroscience.wustl.edu) that 
includes the Cognitive, Computational, and Systems Neurosci- 
‘ence (CCSN) pathway. Excellent laboratory space is available 
in a state-of-the-art primate facility. 


‘To apply send an email atachment of one PDF file (10 page limit) 
{o susan @brainvis.wustl edu (include cover letter, CV, research 
summary, and names/email addresses of three references). Also, 
arrange for three reference letters to be sent to Dr. David Van 
Essen, by email w susan @brainvis.wustl.edu. Applications and, 
letters must be received by December 1, 2007. 


University Assistant or Associate Professor 
of Victoria ‘Tenure-Track Position 


The Division of Medical Seiences at the University of Victoria, in part- 
nership with the University of British Columbia, invites applications 
for a fulltime tenure-track faculty position in Neuroscience a the rank 
of Assistant or Associate Professor. A demonstrated research potential 
tnd a commitment to establishing a successful research program are 
required. Primary responsibilities ofthe suecessful candidate will be to 
support the Island Medical Program and its medical students through 
curriculum planning, classroom and laboratory teaching, and student 
‘mentoring and assessment. Applicants should possess a M.D. and/or 
Ph.D. with demonstrated experience in teaching 

The primary appointment for this position will be to the Division of 
“Medical Sciences atthe University of Victoria, with an afiiate appoint- 
‘ment to the Faculty of Medicine at UBC. Further information about 
the Island Medical Program can be obtained at http:/web.uvic.ca/imp, 
Applications should include an up to date CV, teaching dossier and 
research plan, and the names of three referees. These can be emailed 
‘or sent directly to: 


‘Oscar G. Casiro, MD, FRCPC 
Associate Dean, Island Medical Program 
University of British Columbia 
Head, Division of Medical Sciences 
University of Victoria 
PO Box 1700 Stn CSC 
Victoria, BC V8W2¥2 
Fax: (250) 472-8505 
Email: murphyni@ uvie.ca 
Closing date December 15, 2007. 


UMic is an Equity Employer and encourages all qualified applicants 
10 appls: Canaan and permanent residents of Canada will 
be given priority 


University of Maryland, College Park 
Program in Neuroscience and Cognitive Science 


Computational Neuroscience — Tenure-track faculty 


The Neuroscicnce and Cognitive Science program (NACS) atthe University 
of Maryland is secking a new temure-ack faculty membec, atthe assistant 
professor level. Computational neuroscientists working in any areas include 
fing sensory andl motor physiology, analysis of control systems, and cognitive 
rncuroscience will be considered. The successful candidate will hold joint 
‘appointment in both dhe NACS Program andl as academic department depenid- 
{ng on the rescarch interests ofthe faculty member. This may be in Biology, 
Computer Seicnee, Electrical and Computer Enginecring, Hearing and Speech 


nce. Many facuky enjoy productive research collaborations with scientists in 
the Washington DC arca 


+ Responsibilities: Candidates will be expected to develop a vigorous extra 
‘mually funda rescarch program. Teaching duties will include a graduate- 
ley course in computational ncuroscience, as well as undergraduate’graduate 
‘ouresto he determina by the tenure-track department. Dutics will als include 
student advising and administration as determined by the Director of NACS 
and the department of tenure. 
+ Qualifieations: An camed doctorate in adiscipine relevant the candidate's 
Sel ofteaching and rescarch is required. Candidates who itegrate theoretical 
with experimental research are prefered. Wesock candidates with demonstrated 
teaching and research excellence capable of maintaining an extramurally funded 
research programm, NACS details: www.nacs.umd.ed, 

Salary: Commensurate with qualications and experince. 
+ Position available: Earliest start date is fll semester 2008, 


Applications: Forest consideration send, by December 15, 2007, CV, names 
and address (inclading emails) of three posible references, and statements of 
both esearch interests (documenting extramural funding) and teaching interests 
foNACS Search, NACS Program, 2131 Biol/Psye Building, University of 
Maryland, College Park, MD 20742 

WOMEN AND MEMBERS OF UNDER-REPRESENTED MINORITIES ARE 

ENCOURAGED TO APPLY. THE UNIVERSITY OF MARYLAND IS i 
EQUAL OPPORTUNITY AFFIRMATIVE ACTION EMPLOYER. 


It is not all doom and gloom, 
however, as scientists are be- 


Careers in Neuroscience 


Table 1. Select Emerging Multidisciplinary Fields in the Neurosciences 


Combines traditional neuroscience with computer science. 


Uses engineering techniques to investigate the function and manipulate the behavior of the 
central or peripheral nervous systems. 


The application of neuroscientific studies of the structure and function ofthe human Brain in 
machine information processing and decision making. 


ing increasingly vocal about the [Computational 
funding shortfall. Earlierthis year [Neuroscience 
David Van Essen, president of the Neural 

Society for Neuroscience (SiN), _Ensineering 
strongly urged the US House and —_| Neural Networks 
Senate appropriations subcom- [you 


mittees on labor, health and hu- 


Combines neuroscience, economics, and psychology to study how we make decisions, 


‘man services as well as on edu- 


|Neuroergonomics | The matching of technology with neurologic capabilities to achieve safe working conditions. 


Understanding the esthetics of art and music at the neurological level. 
The ethics of neuroscience and neurotechnology research, 


The science concemed with the neural mechanisms underlying the comprehension, production, 
‘and abstract knowledge of language. 


cation to increase NIH funding by | weumoestheties 
6.7 percent per year for each of 

the next three fiscal years, stat- | Mewroethics 

ing that this is needed "to ensure | Neuroinguisties 
that our best and brightest young 

people will enter the field and | Neurophitosophy 
continue to make neuroscience 

research advances.” Psychometrics 


‘Investigation of philosophical theories in relation to neuroscientific hypotheses, dealing 
‘with philosophical problems of the cognitive neurosciences and addressing questions about 
cognition and consciousness, and what the neural correlates of human consciousness may be. 


‘The theory and technique of educational and psychological measurement. 


‘On the industry side, venture 
capital investment in new and 
emerging neurotechnology companies reached a record high in 
2006, increasing 7.5 percent to $1.67 billion, according to the Neu- 
rotechnology Industry 2007 Report, produced by Neuroinsights. Ap- 
proximately one in four venture dollars now invested in life science 
companies in the United States goes to companies focused on the 
brain and nervous system, which represents a more than threefold 
increase since 1999, according to the Neurolnsights report. In 2006, 
the neurotechnology industry comprised over 500 companies, de- 
veloping drugs, devices and diagnostics for the brain and nervous 
system, generating worldwide revenues of $120.5 billion. 

“I think people seeking a career in neuroscience need to be hope- 
ful," says Mobley. "My postdocs express concern about whether or 
not they will get funding and be able to pursue a career, but it's 
important to remember that there are many possible ways to do 
great thinking and great science,” he says. “They need to find those 
pieces of the puzzle that fit them best and they should not give up 
hope.” 


The Leaky Pipeline 
As in other areas of science, women still have some catching up to 
do with regard to reaching the higher echelons of academia. The 
ANOP assesses neuroscience training, primarily in North America, 
and conducts a National Survey of Neuroscience Programs. The 
last ANDP survey was conducted in 2005, and a subsequent survey 
was scheduled to be sent out to member programs earty this fall. 
The 2005 report included responses from 88 of the 140 graduate 
training programs that were members of the ANDP and indicated 
that women comprise more than 60 percent of the graduate stu- 
dents in neuroscience but approximately 25 percent of tenure-track 
faculty, a number that has changed little since 1998. Furthermore, 
the percentage of full professors who are women remains a low 21 
percent. 

The demands of life outside of a professional scientific career 
and the conscious or unconscious biases that exist can make it 
harder for women to advance. “All of these are active areas of dis- 
cussion, not just in neuroscience, but in biomedical science over 
all,” Lehman says. 


wwwsciencecareers.org/businessfeatures 


Van Essen, with the SIN, notes that one of his society's key in- 
terest is to encourage diversity in terms of increasing the number 
of both women and minorities coming into and succeeding at each 
‘stage of the pipeline. “Having successful role models [for upcoming 
Scientists] is important,” he says. 


‘Strategic Career Planning 

Neuroscience has a flexibility in that it can be combined with a mul- 
titude of disciplines (Table 1), so an effort should be made to diver- 
sify skills while keeping in mind one’s career interests, For example, 
postdocs might benefit from getting an MBA, a computer science 
degree, or an economics degree to complement their conventional 
neuroscience training. 

“Neuroscience training has many varied and productive career 
options for students,” Lehman says. “That's in contrast to the tradi- 
tional path of entering a medical school environment and depending 
on grant support. There are so many other types of career paths in 
which students can be happy, successful, and productive.” 

Likewise, Van Essen recommends getting broad training, “not 
just in one narrow area of neuroscience, but trying to obtain a back- 
ground that uses multiple approaches and can attack problems from 
a relatively broad perspective.” 

A strong demand exists for people with regulatory and clinical 
trial management expertise related to neurological diseases and 
psychiatric illnesses, notes Zack Lynch, executive director, with the 
Neurotechnology industry Organization. 

Whatever path a student decides upon, neuroscience is replete 
with opportunities for graduate students and postdocs who have 
given thought to planning their career path. People who are just 
entering into this field will be the Nobel Prize winners of this next 
generation, says Insel. “This really is the place for the brightest and 
the best students to jump in because we know so little, and the op- 
portunities are so great.” 


Emma Hitt is a freelance medical and science writer residing in 
Marietta, Georgia. 
DOE: 10.1126/science.opms.r0700042 
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Southern Assistant Professor, Anatomy 
Souther Illinois University, 
Carbondale 


‘The Department of Anatomy at Southern Illinois University School of Medi- 
cine-Carbondale invites applications fora tenure-track faculty position atthe 
Assistant Professor level, Qualified candidates must have a Ph.D., M.D., or 
equivalent degree, at least two years of postdoctoral experience, and ability 
to perform productive independent research. Oppomunitis fr collaboration 
exist within several basic science and clinical depatments, with existing 
strengths in neuroscience, reproduction, cancer, cell and molecular biology, 
tnd medical education. Teaching experience or raining inthe anatomical sci- 
ences (histology cel biology, gross anatomy, embryology, oc neuroanatomy) 
ispeeferred, The medical curriculum is case-based and small group oriented. 
Thisis a 12-month, state-funded postion with a competitive salary, substan 
tial sutup package, and spacious lab facilites. Carbondale is located wo 
hours souteast of St Lous asl borders the Shawnee National Forest The 

snunity enjoys seenie getaways, abundant outdoor recreation, a Vibrant 
university with a growing research culture, and an anay of loal atractions, 
This isa security-sensitive postion. Before any offer of employment is made, 
the University will eonduct «pre-employment investigation, which includes 
1 riminal background check. 


Review of applications will begin December 1, 2007 snd will continde until 
the position is filled. Applicants should provide a leter of intwduction, a 
curriculum vite that includes descriptions of research plans and teaching 
interests, and should have three letters of reference sent to: 
‘Search Committee, Department of Anatomy 
School of Medicine 
Mall Code 6523 
‘Southern ilinols University Carbondale 
13S Lincoln Drive 
Carbondale, 1.62901 
SIUC is an Affirmative Action Equal Opportunity Employer that strives 9 
enhance tts ability to develop a diverse faculty and staff and to increase its 
potential to serve a diverse student population, All applicants are welcomed 
‘and encouraged and will receive equal consideration, 


inate University 


School of Medicine 


CHILDREN’S HOSPITAL BOSTON 
HARVARD MEDICAL SCHOOL. 


Assistant/Associate Professor 
Department of Otolaryngology 
and 
Neurobiology Program 


“The Department of Otolaryngology at Children’s Hospital Boston, 
in collaboration with the Neurobiology Program, seeks applications 
to fila full-time tenure-track Assistanv Associate Professor position. 
‘The successful candidate will holdeithera PhD and/or MD degree and 
will join the interactive neuroscience community at Children's Hos- 
pital and Harvard Medical School. We seek an outstanding scientist 
that will estabisha vigorous research program in neuroscience related 
to otolaryngology. Areas of interest include development, cell and 
molecular biology and physiology ofthe auditory and vestibular sys- 
tems. Mader laboratory space will be located inthe new Children's 
Hospital Center for Life Science Building tobe opened inthe Spring 
‘0f 2008. The investigator will hold both Children’s Hospital Boston 
and Harvard Medical Schoo! faculty appointments. 


Please submit a current CV, a two- or three-page description of 
research interests and directions, and three to five reference let- 
ters. Materials should be sent by January 15, 2008 to: ORLjobia) 
childrens.harvardedu, c/o Gabriel Corfas, Ph.D., Chair ORL 
Search Committee. 


For more information about the Neurobiology Program at CHB 


http://w ww.childrenshospital 


esearch/mult_progs/ 


Equal Opportunity/Affirmative Action Employer. 
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JOHNS HOPKINS 


Faculty Positions 
‘The Solomon H. Snyder 
DEPARTMENT OF NEUROSCIENCE 
Applications are invited for tenure-track faculty positions at both junior 
and senioe levels inthe Solomon H, Snydee Department of Neuroscience 
tthe Johns Hopkins University Schoo! of Medicine. Applicants should 
have interests in molecular, cellular developmental, systems o behavioral 
neuroscience, a PRD. of M.D., and a strong record of research accom 
plishments. Faculty members are expected to have, or establish, creative 
Independent research programs and participate in teaching graduate and 
medical students. Deadline for applications is November 30, 2007. The 
Johns Hopkins University is committed to catancing the diversity of ts 

faculty and encourages applications from women and minceiis. 

Please submit a PDF file containing curriculum vitae, nares and contacts 
for three references anda tiet description of current and future research 
imerests. 


Richard L. Huganir, Ph.D. 
Search Commitice 
Department of Neuroscience 
‘The Johns Hopkins University 
‘School of Medicine 
‘72S North Wolfe Street, PCTB 904 
Baltimore, Maryland 21205 

ae 


‘An EEO/AA Employer. 


DIRECTOR 
P| Center for Integrated Research 
Southern ,¢ogrtive and Neural Stences 
pra EIT eich et 


Southern Ilinois University Carbondale (SIUC) invites applications for the 
Director of a new Center for Integrated Research in Cognitive and Neural 
Sciences (CIR-CNS), an interdisciphinary initiative that will build oo existing 
‘researchers on the SIUC and SIU Schoo! of Medicine Springfield campuses 
The Director will have a unique opportunity to establish/promote 


appt. (Prof /Assoe. Prof.) in the dept. most appropriate wo the candidate's 
‘expertise, among the Depts. of Anatomy, Physiology, oF Biochemistry & 
Molecular Biology at SIU Schoo! of Medicine-Carbondale, or the Dept of 
Psychology of Rehabitaton Insitute at SIUC 

Requirements: Ph.D. and/or M.D., strong publication record, experience 
with mulidisciplinary research groups, and successful training of graduate 


andlor postdoc students, The ideal candidate should have an internationally 


‘recognized and funded research program in an area of basic and/or clinical 
‘peumscience, and leadership qualities 10 promote collaboration and ensure 
Vigorous growth of the Center in the full range of cognitive and neural sei- 
Review of applications will begin November 30, 2007, and continue until 
the position i filed. Applicants should submit a cover letter, cv. research 
and coniact information for 4 references (PDF format) to: 
‘mail to: CIR-CNS Search Committee, Office of the 
Vice Chancellor for Research & Graduate Dean, Anthony Hall Room 220 
Mail Code 4344, SIUC, 1265 Lincoln Dr., Carbondale, 162901. 
This is a security sensitive position: before any offer of emplovment is 
‘made. the University will conduct a pre-employment background investiga- 
tion, which includes @ criminal background check. SIUC is an Affirmative 
ctiow Equal Opportunity Employer that strives to enhance its ability 
todevelop a diverse faculty and staff to increase its potential to serve a 
diverse student population. Women and minority applicants are encour- 
‘aged to apply. All applications are welcomed and 
‘encunraged and will ceive consideration 


POSITIONS OPEN 


@P corsa 


Exceptional Career Opportunities 
Research Technicians and 
Postdoctoral Fellows 
‘The newly formed Heart Instiute at Cedas- 

nai Medical Center in Los Angeles, California 
is poised o become a national leader in the 
development of novel treatments for Beart di 
tease, SMC already leader in translational 
maticne, where bench to bedsie can become 
{reality Asour research programs undergoing 
Subsantal growth, we are koking fr several 
futsunding and motivated people join cur 
team Curent oppertinites chide 
Molecular Biology Technician 
+ BS/MS in biology o chemistry 
+ St years vectorcloning experince 
+ Strong organizational skills (he frezer 
nm) 
+ Experience in lab management prefered 
Animal Technica 
“BSIMS in biology or chemistry 
+ 3+ years experones i 
+ Small age animal surgery (mouse prefer 
able) 
+ Aseptic technique 
+ Familie with AALAC priccples 
+ Ableto asst ab personne in a vary of 
nil stain 
‘issue Culture Technilan 
"BS in biology, hominy o physics 
12+ years experience 
‘Able to perform routine purification and 
‘maintenance of mammalian heart cells 
Ano call Hines in cule 
+ Contributes to general maintenance of the 
laboratory. equipment and supplies 
‘Demonstrated ability 10 use sctile teh 
nique 
Protein Blochemistry Technician 
*'BSIMS in biology or chemist 


and inst i 
+ Protein biochemistry techniques including 
‘+ Purification and quantitative qualitative 
analyses 
+ 2D gel electrophoresis 
+ Maintain lab stcks of buffers and 
reagents 
+ Experience in proteomics lab preferred 
Postdoctoral Fellows 
+ MD and/or PRD 
* Background in physiology, bioengineering 
‘or molecular biology 
+ Meaningful commitment to academic tajee 
tory in cardiobiology 
Join an exceptional team of scientist, faculty, 
researchers and staff who are leaders in basic 
and clinical cardiac research. Cedars-Sinai, a 
tertiary acute eare academic medical center 
affiliated with the David Geffen School of 
Medicine at the University of California, Los 
Angeles is committed to excellence in compas- 
sionate patient care, research and community 
programs to improve the lives of our patients 
Cedars-Sinai is proud to be on the list of 
“America’s Best Hospitals” as ranked by US. 
News and World Report 


Please submit CV's to: Patricia Carson, 
‘Academic Human Resources, Cedars-Sinai 
Medical Center, carsonpaeshs.org or mail 

7H West 3* Street, Los Angeles, CA 
90088, 


REERS IN NEU 


ya UTMB 


‘The University of Teras Medical Branch 


FACULTY POSITION IN NEUROPHARMACOLOGY 
ASSISTANT OR ASSOCIATE PROFESSOR 
Department of Pharmacology and Toxicology 
‘The University of Texas Medical Branch (UTMB) 


A tenure track Assistant oF Associate Professor postion is available inthe Department of 
Pharmacology and Toxicology t UTMB. We seck candidates with proven research and teaching 
skills in ncuropharmacology of related areas. Associate Professor candidates should demonstrate an 
“stablished research program and evidence sustained extramural funding, Preference willbe given 
to candidates interested in working ina highly collaborative, iterisciplinary environment with 
intersts complementing those of departmental and cntrfacly. The Departmentof Pharmacology 
and Toxicology [wwe-utmb.edu/phtox/| is comprised of 16 tenure tack faculty who apply 
‘contemporary molecular cular, chemical, and behavioral approaches to the sty of addiction, 
psvchatric disorders cance, celsignaling. gone regulation, dig metabolism, molecilartoxicoogy 
{nd the structure ad Tanction of biologically active molecules. Opportunities for iteraction with 
Several trandaticnal research centers are excellent, including the Center for Addition Research 
{ntp:/wwe.utmb.eduvaddiction) focused on new targets and therapeutic options for addition 
ticatment andthe Program i Chemical Biology which employs combinatorial and symhctic organic 
chemistry in pursuit of novel reagents foe biomodical rexcarch. The position offers a competitive 
salary and benefits package 


All applications should contain the following materials: current curriculum vitae, statement of 
research accomplishments and future plans (no more than three pages), ames and contact information 
‘of three references. Please submit to: Dr. Kathryn A. Cunningham, Vice Chair, Department 
of Pharmacology and Toxicology and Director of the Center for Addiction Research, The 
University of Texas Medical Branch, 301 University Boulevard, Galveston, TX 77585-1031. 
‘You may contact us by email via Ms. T:L, Landry at andry@ utmb.edy, 


UTMB is an Equal Opportunity Affirmative Action Institution which proudly values dlversty 
Candidates of all backgrounds are encouraged to apply: 


Faculty Positions in Neuromodulation 
Medical School, University of Minnesota 
inncsota Medical School, ts nowly founda Insitute of Translational Neurosciene 
and its partner. University of Minnesota Physicians scck uo hice faculty inthe rescarch area of Neuro 
‘modulation 


The University 0 


1) Director of Neuromodulation: The successful applicant will ba midcareer clinician investigator with 
anh and tcnure status dependent on qualifications who ean ditect an integrated clinical neuromodulation 
program being developed by the departments of Neurology, Neurosurgery and Psychiatry in conju 
tion with the practice plan, Appointment possible in any of the elnical neuroscience departments, i 
Neurology, Neurosurgery, and Psychiatry, according to the individual's background and incrests. The 
collaborating departments share a single administrative center. The successful applicant is expected ts 
hhave clinical experience as well as an established research program that uses ncuromodalation to treat 
discases disorders ofthe nervous system. 

2) Professor of Neuromodulation: The successful applicant willbe a physician-tansational neuroscientist 
atthe Assistant, Associate, or Full Professor level i the tenure tack who is expected to aye an established 
‘sscarch program that uses neuromodulaion to treat dicaves disorders of the nervous system. A ppoinimca 
is possible in any ofthe clinical neuroscience departments and/or Department of Neuroscience. 

3) Professor and Director of Neuromodulation: For an individual withthe necessary interests and exper 
‘coos, combining the positoas mabe possble and appropeate 

For both postions a recon! of angoing extramural funding inthe fick is desirable, Arcas of interest include 
bbutare not limited to degencrativediseases, movement disorders, dementia, depression, psychiatric dionders, 
developmental disorders, epilepsy pain. These recruitments are supported by the practice plan, Medical 
‘School, and University's Institute of Translational Neuroscicnce. AS one ofthe largest rescarch universities 
in the country the University of Minnesota offers a rich environment in basic, translational, and clinical 
‘ecuroscience research, anda long tradition of collaborative interactions, The University of Minnesota in 
“Minncapols is located on a urban campus which overlooks the Mississippi River and which houses many 
colleges in ation tothe Medical School and Academic Health Center. Stunting date is negotiable. Salary 
‘and start-up funds will be competitive and commensurate with elucation and expericace. Candidates must 
have an MD. degree ora combined M.D.Ph.D. degree and must be a U.S, etizen or be able to secure 
‘pesmancot resident satus. 

Applicants should send a current curiculum vitae, statement of research interests and intentions, and thee 
leaes of reference to: Neuromodulation Search Committee, Attention: Walter C. Low, Ph.D, Chair, 
‘Search Committee, Department of Neurosurgery. University of Minnesota, 2001 Sixth Street SE, 
Minneapolis, MN $5485 USA or lowwaltac wma.edu. Eletroaic versions of the required information 
‘may be e-mailed but must be followed witha hard-copy forthe official scarch files, Review of applications 
will continus until positions ar filed. 


The University of Minnesota isan Equal Opportunity Educator and Emp! 
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1279 
‘TENURE-TRACK POSITION 
DIRECTOR OF MEMORY DISORDERS PROGRAM 
DEPARTMENT OF NEUROLOGY 
GEORGETOWN UNIVERSITY MEDICAL CENTER 
“The Department of Neurology at Georgetown University Medical Center 
invites applications for a temure-tack position atthe Associate or Full Pro- 
fessor level. The successful candidate willbe Board-certifed in Neurology 
‘ora related discipline, will have a track record of independently funded 
research in dementia, and will have strong leadership skills. This position 
will entail responsibility for leading the Memory Disoeders Program, an 
active, well-established clinical research program in Alzheimer’s disease 
‘and other dementias, which includes both NIH- and industry-sponsored 
therapeutic trials, The successfulcandidate will also supervise the clinical 
services of the Memory Disorders Program, participate in the teaching 
activities of the Department of Neurology and the Interdiseiplinary Pro 
gram in Neuroscience, and conduct hisher own research program. 
Inquiries, including a current curriculum vitae and letter of interest, 
should be directed to: 
Rhonda B, Friedman, Ph.D. 
Chair, Search Committee for MDP Director 
Department of Neurology, Georgetown University 
207 Bldg D 
4000 Reservoir Ra. NW 
‘Washington, D.C, 20057 
fried mar‘a georgetown.cd 
Georgetown University is an Equal Opportunity/Affinmative Action 
Employer with a song institutional commitment tothe achievement of 
excellence of diversity among its faculty and stafl. 


CHILDREN’S HOSPITAL BOSTON 
HARVARD MEDICAL SCHOOL 


Neural Stem Cell/Neural Development 
Assistant Professor 


Applications are being considered fora tenure-track position at Children’s 
Hospital Boston and Harvard Medical School. The successful candidate 
will hold either a PhD or MD degree and will joinan interactive research 
‘cam in the Neurobiology Program directed by Michael E, Greenberg, 
PD, and Department of Neurology, Children’s Hospital, This program 
resides within a very strong and collegial research community in neu- 
roscience and related disciplines throughout the Harvard Medical Area 
‘Successful candidates will have research interests in neural stem cells 
‘and/or developmental neurobiology with relevance to the pathology of 
the nervous system. Modern laboratory space will be available in the 
‘new Center for Life Science Building. We seck an outstanding scientist 
{tocstablisha vigorous esearch program and form productive interactions 
with colleagues and other scientists at the institution. The investigators 
will hold both Children’s Hospital Boston and Harvard Medical Schoo! 
faculty appointments 


Please submit a current CV, 2-0F3-page description of researc interests 
‘and directions, and three to five reference letters. Materials should be sent 
Via email by January 15, 2008 to: 
‘Neural Stem Cell/Development Search 
‘c/o Diana Phillips 
diana phillips@ childrens. harvard.edu 


Equal Opportuniy/Affirmative Action Employer: 


CAREE 


IN NEURO: 


Pier 4 CoLumaia UNIversITY 


Faculty Position in 
Neural Engineering 


The Department of Biomedical Engineering in The Fu Foundation School 
‘of Engineering and Applied Science at Columbia Universi invites appli 
‘ations for a enure-track faculty position atthe assistant, associate, ot 
full professor level in neural engineering. Level appointment depends on 
‘qualifications. Specific areas of interest include neuroimaging, 
neural tise engineering, neuromorphic engineering, computational 
neural modeling, and brain machine interfaces. Successful candidates 
must demonstrate an abity to develop a world-class research program, 
be capable of obtaining competiine external research funding, and 
participate in and be committed to outstanding teaching. at both 
the undergraduate and graduate levels. Candidates should have a 
doctorate in biomedical engineering o a related discipline. 


Applicants should send a complete curriculum vitae, thece publication 
reprints, a statement of research interests, a statement of teaching 
‘experience and philosophy, and names and contact information for four 
references (0 Professor Paul Sajda, Chair, Faculty Search 
Committee, 351 Engineering Terrace, MC 8904, 1210 
Amsterdam Avenue, Columbia University, New York, NY 10027 
by February 1, 2008. Materials can also be e-mailed to 
ps629@columbia.edu. 


The search will remain open until the position has bees filled. 


Columbia University is an affirmative actiowequal opportunity employer 
‘Women and minorities are encouraged to apph, 


TIONS OPEN 


S Shor Grove 


‘TENURE TRACK FACULTY POSITION IN 
STRUCTURAL BIOLOGY 
University of Maryland Biotechnology Institute ~ Shady Grove 
Center for Advanced Research in Biotechnology 
Center for Biosystems Research 
As part of a major new expansion, the University of Maryland Biotechnol- 
‘ogy Institute (UMBI) invites applications fora tenure-track faculty position 
(Assistant Professor) in Structural Biology (X-ray crystallography or NMR. 
spectroscopy). The successful candidate will be expected 10 develop a com- 
petitive and externally funded research program using structural biology 
approaches 1o address contemporary biological questions. 
The Shady Grove Campus of UMBI includes scientists fro 
Center for Advanced Research in Biotechnology (CARB; het 
wrumbi.umd.edu/CARB), the Center for Biosystems Research (CBR: 
hhep:/www.umbi.umd.edwCBR), and the National Institute of Standards 
and Technology (NIST). The eampus is located in the heart of a major bio- 
technology community with easy accessto the National Institutes of Health 
and NIST. The successful candidate will benefit from existing strengths 
in structural biology, biophysical chemistry, and computational biology at 
CARB, and from research into complex biological systemsand pathobiology 
at CBR State-of-he at facilites and support for X-ray crystallography and 
NMR are available at Shady Grove. 
(Qualifications: Ph.D. in Biochemistry or related field, postdoctoral experi- 
cxce and knowledge skills in structural biology. Applicants willbe considered 
who have research interests in any area of contemporary stnictural biology. 
including biomedical, plant or insect biology. Applicants should submit their 
curriculum vitae (referencing position #300881), a summary of research 
accomplishments and future research plans, and names of three references 
(PDF file) electronically w carbsrehi@ umbi.umd.edu. Review of candidates 
will begin November 8, 2007, and continue until the postion i fille. 
UMBI is an EEOADA/AA Employer 
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Chair, Department of Molecular Medicine 


Located in Ithaca, N.¥., Cornell University is a bold, imovative, inclusive and dynamic 
teaching and research university where staf faculty, and students alike are challenged to make 


‘an enduring contribution to the betterment of humanity 


Comell University, College of Veterinary Medicine, invites applications and nominations for 
the position of Chair of the Department of Molecular Medicine, Internationally recognized 
faculty research programs in the department are currently focused on using molecular, cellular, 
and biophysical approaches to study signal transduction, cancer biology, membrane trafficking 

scholar of recognized 
scientific stature and leadership ability to extend the (radition of distinction in these areas 
Requirements include a Ph.D, DVM of MD and a sustained, high caliber, xtramurally-funded 


land neurotransmitter receptor structure and function. We are sock 


research program. 


Cornell has dramatically expanded Life Sciences research, most recently with the establishment 
‘of an Institute for Cell and Molecular Biology. This expansion has been catalyzed by Research 
Centers that are tthe forefront of approaches to biomedical problems, including the Comell High 
Energy Synchrotron Source, the Cornell Nanoscale Science and Technology Facility, and the 


Johns Hopkins Medical Institutions 
‘Tenure-Track Positions 


Influenza and Respiratory Virus 
Translational Research 


Human Immunology, Vaccinology, 
Pharmacology 

The Division of Infectious Diseases ofthe Johns 
Hopkins School of Medicine is recruiting 
faculty at the Assistant or Associate Professor 
level to contribute to an emenging institutional 
Respiratory Viruses Program. Our focus ison 
persons with proven capabilities to conduct 
Independent research on respiratory infections, 
specially investigations that contribute to 


Developmicntal Resource for Biophysical Imaging Opto-clectroaics. The new Chair of Molecular grains in influenza virology, structural biology, 


‘Medicine will be expected to continue to build upon these strengths inthe Life Sciences by hiring 
outstanding new faculty and by fostering interdisciplinary interactions with these and osher 
‘departments and units on the Ithaca Campus and at the Weill Comell Medical School, including 
Biomadical Enginocring, Chemical Biology, the Comparative Cancer Progra 


Vertebrate Genomics, Relevant web links 


Applications should include a letr of nomination or 


inert, and Iadersbip postions, a cuiulum wie, and the Somes 
provide refer 


Cornell University 
Cornell University ix an Affirmative Action! 
Equal Opportunity Employer and Ealucator. 


/profiles/2377.htm 


st outlining carcer goals, professional 
nd addresses of 3 
ices. Applications 


and vaccine testing. Emphasis willbe given 69 
researchers with complementary research such 
asin molecular biology of viral replication, bost 
Virus interactions, and quantitative analysis of 
Viral dynamics 
Candidates must have earned an MD andor PDD 
degree al have a recon! of acquiring research 
funding and prodvcing outstanding scholarship 
Salary and resources will match experience 
Candidates should provide a curriculum vitae, 
4 one-page statement of career intrest, arn 3 
professional references to: Dr, David Thomas, 
Chief Infectious Diseases, Johns Hopkins 
School of Medicine, Suite 437 1830 Monu- 
‘ment Street, Baltimore, Maryland 21205 or 
by email care of Nadia Hay nbayi@jhmi.edu, 
Application review will begin in Fall 2007. 
Johns Hopkins isan 
Equal Oppornunity Em! 


( NATIONAL RESEARCH COUNCIL | 


(OF THE NATIONAL ACADEMIES 


Research Associateship Program 
Postdoctoral Research Awards 
Senior Research Awards 
‘Summer Faculty Fellowships 
Davies Teaching Fellowships 
offered for research at 
US government laboratories 


Opportunities for postdoctoral and senior research 
in all areas of science and engineering 
+ Awards for independent research t approximately 100 
participating laboratory locations 
‘month awards renewable for upto 3 years 
‘Annual stipend $47,000 to $70,000 - higher for senior researchers 
Relocation, professional travel, health insurance 
‘Annual application deadines Feb 1, May 1, Aug. 1, Now 1 
Detailed program information, including instructions on 
how to apply, is, available on the NRC Web site 
www.national-academies.org/rap 
‘Questions should be directed to 
National Research Council 
TEL: (202) 334-2760 
E-MAIL: rap@nas.edu 


Qualtied appicants wil be reviewed without regard to ace, 
region, color, age, sex oF national ongin. 


THE NATIONAL ACADEMIES 
\ Seed “J 


FACULTY POSITION 


Department of Chemistry 
ARTS AND SCIENCE 


‘The Department of Chemistry at New York University, located in 
Greenwich Vilage in lower Manhattan, invites applications for a 
faculty position in experimental biophysical chemistry. Strong 
candidates in other fields of experimental chemistry also will be 
considered, especially in areas of nanoscience and materials 
chemistry. The appointment will begin September 1, 2008, 
ending final administrative and budgetary approval. The search 
will focus on the Assistant Professor level, but exceptional 
Candidates at higher rark can be considered. The Department is 
embarking on a significant growth plan that includes the creation 
of the Molecular Design institute, the recent hire of two senior 
level faculty with more anticipated, and expansion of laboratory 
and instrumentation facilities. Applicants should have a very 
strong research record and a commitment to teaching. 


‘Applications should include a curriculum vita, alist of publications, 
a statement of future original research and teaching plans, and the 
fpames of at least three references. Agpiication review will begin 
on November 15, 2007. Therefore. to guarantee full consideration 
complete applications should be sent to Faculty Search 
Committee, Department of Chemistry, New York University, 100 
Washington Square East, New York, NY 10003 by this date. 


NEW YORK UNIVERSITY 


YU an Eaus! Opporturty /Atfirmative Action Employer. 


Department of Environmental Studies 
aton Rouge, Louisiana 70803 
ASSISTANT/ASSOCIATE/FULL 
PROFESSOR 
(Three positions/Tenure-track) 
‘School of the Coast and Environment 
‘The Department of Enviconmental Studies 
‘within the LSU School ofthe Coast und Enieoo- 
‘mca s building its oteriseiplinary education 
and research program in Eavitoamental Science, 
Managemen and Policy by biting thre tenure- 
track foculty: These positions will fanber the 
University's Flagship genda, and are designed 
to build on departmental strengths and provide 
synergy and linkages to existing programs 
‘The Department of Environmental Stes cu 
renily offers a MS in Environmental Sciences, 
find is working with oer units in developing 
4 doctoral and a bachelor degree program. The 
Department and the School of the Coast and 
Environment are stongly committed to diver- 
sityand encourage applications foe iii 

With varied backgrounds and perspectives 

Required Qualifications: PhD. in envieon- 

imental siences or related fick! atthe time 

‘of appointment; establish or haye established 

‘strong programs of research and extramural 

funding; excel in teaching and graduate mentor- 

ing work collaboratively to address compelling 

‘questions in environmental sciences. 

We seek spplicants ftom one o «combination 

ofthe following areas of expertive: 

*+ Air Quality air pollution, atmospheric 
transport modeling, health impacts and risk 
sssesment, air shes policy analyses 
Water Quality ~ water pollution, water 
resouree management, and health impact 
‘modeling. Experience in process-based 
‘modeling at watersbed scale i preferred 
Environmental Chemistry ~ chemical and 
physical properties of environmental chem 
fal, fies ai effet, chemical azar ard 
fisk assessment, tase deection of enviea- 
‘mental pollutants 
Environmental Epidemiology ~ environ- 
‘mental and public health risk assessment, 
‘uncertainty modeling, heath policies and 


Additional Qualifications Desired: Expertise 
in geospatial technology including remote sens 
ing and GIS and quanttative/statistical sills, 
ability to employ an integrated, systemapproach 
in addressing global environmental problems. 
‘An offer of employment is contingent on a sat- 
isfaetory pre-employment background check. 
Application deadline is December 3, 2007 o 
Until candidates re selected. Appointments will, 
‘begin in August 2008, Applicants should submit 
a lester describing their research and teaching 
interests, a current C.V. (including e-mail 
address) snd the names and contact informa 
tion (with e-mail addresses) force referees: 
Chair, Department of Enviroomental Stud- 
ies, 1285 Energy, Coust and Environment 
Building, Louisiana State University, Ref: 
Log #1063, Baton Rouge, LA 70803-5705, 
E-mail: olamé@lsu.edu 

LSU IS AN EQUAL OPPORTUNITY/EQUAL 

ACCESS EMPLOYER. 


London Research Institute corcntarn unde 


LONDON RESEARCH NETTUTE 


meee? 


Cancer Research UK is the largest independent cancer research organisation in 
Europe, conducting wide-ranging programmes in basic, applied and clinical 
research. The London Research Institute (LR) is Cancer Research UK's flagship 
research institute, operating on two sites, Lincoln's Inn Fields in Central London, 
and Qare Hall in Hertfordshire. 


Research at LRI centres on the analysis of fundamental biological processes involved 
in cancer, with core interests in signal transduction processes and maintenance of 
_geriomic integrity The Institute's international staff work in 50 research groups, housed 
in well-supported laboratories with state-of the-art scientific support fadties 


Research Group Leaders 


The LRi encourages pursuit of ambitious and longer term research approaches at 
the highest level. We are seeking innovative scientists to establish independent 
research programmes at ether the London LRI Lincoln's Inn Fields or Clare Hall 
Laboratories and to contribute to the Institute's vibrant scientific programme, 

LI scientists are funded directly through the Institute's core grant from Cancer 
Research UK Support for new scientists indudes a substantial laboratory space and 
equipment package and funding for personnel (research fellows, graduate students 
and technical support) and laboratory consumables. Appointments are intaly for six 
years with consideration for promotion to Senior Group Leader in the fith year 

For 2008 recruitment, we are interested in scientists using biochemical and/or 
‘genomic approaches to address fundamental questions in the area of 


Chromosome biology and gene expression 
induding but not limited to 
chromosome structure and dynamics; chromatin modifications; 
biochemistry of gene expression; regulatory RNAs; epigenetics 
Suitably experienced applicants may be appointed at a 
more senior level. 
Outstanding candidates working in any area of basic cancer biology which 


Complements the interests of the Institute will also be considered favourably; our 
primary criterion for appointment willbe the quality of the scientist. 


Informal enquiries should be made by e-mail to 
richard.treisman@cancer.org.uk 
For information about the London Research Institute, its staff, and their research 
interests visit 
|hetp:/iwwwdondon-research-institute.co.uk! 
Applications should be submitted electronically to Dr Ava Yeo at the address 
below and must inckide: 
|. Complete CV 
2. Past and current research interests (approx 500 words) 
3. Future research proposals (1,000-1 500 words) 
THREE REFEREES should be instructed to submit letters of recommendation 
at the time the application is submitted 
Dr Ava.Yeo, Cancer Research UK London Research Institute 


Lincoln's Inn Fields Laboratories, 44 Lincoln's Inn Fields, London 
WC2A 3PX UK. 


E-mail: Ava.Yeo@eancer.orguk Confidential Fax (references only): 
(44)-20-7269-3585, 


APPLICATIONS SHOULD BE RECEIVED BY 17th DECEMBER 2007 
Chart no 0864 
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TEXAS ¥ STATE 
UNIVERSITY 


SAN MARCOS 
The rising STAR of Texas, 


‘Texas State University-San Marcos is a member of the Texas 
State University System. 


Assistant Professor 
Wildlife Ecology/Conservation Biology 


‘The Department of Biology at Texas State University-San Marcos 
(www.bio.txstate.cdu) seeks a tenure-track Assistant Professor to 
ate in our Wildlife Ecology and Population and Conservation 
programs, Our campus is situated within a biologically and 


‘environmentally diverse region with numerous unique and endangered 
native species. The successful candidate will develop a student-oriented 
‘program of field research, use quantitative approaches to address basic 


‘related field and a record of research accomplishments. Preference will 
be given to individuals with postdoctoral training and a demonstrated 
ability to develop an externally funded program of research. 


Review of applications will begin January 3, 2008 and continue uni the 
position is filled. Curricul As of esearch and teaching 
interests, copies of up to five representative publications, and names 
and addresses of three potential references should be sent as a single 
PDF file to wildlife-ecologva txstate.edu, Questions about this position 
should be add 
State Univers 
TX 78666. 


Texas State University is an Affirmative Action’ 
Equal Opportunity Employer: 


ASSISTANT PROFESSOR 


Toxicology/ Molecular and Cellular Biology 
The depanment of Biologic Sciences atthe Univenty of Abana 
vis tplicaos fra cued pocsonat eek of Aten 
Frotasf an‘ Moalar and Calla Blog to bepn Angus 2008 
‘pbcas mia ave PD. the Bcogal Seeks, posdocoel 
gence and sarong publican record The succesifil candidate 
te cpeced to derby on scape enna fenced cogent 
Teach pongam mvolg bt no inged o, eocarch én moder 
toncology Appt sing model organs to invenigateproblers 
n mokculartxiclogy, chiding cellar stew response methaniams, 
Se pantalaly ccoiged pip The sues pease wl be 
pele ee ae 
Sicaaesd Calla Blog sedge re ov nega deleycg 
(toliyigemecion a theumdepodeae aod gadunc lew wih coun 
SGpsuabibcc wiltnsen cPerpense aed denrecanl neo The 
Siematie ea Snoned tepomad so demiep a make 
Sncplaney eich ign relies cotinine 
icky ibe gueaerae ef Chris Coemseltopirenty selor 
Seullegid & Metals Engrg 
To apps, mail harcopie of crams keer of pplication hat 
BE? realest ml pas « ene ait 
iompleti Mretingess Io yoee a of coesteneewe tact 
aca ichscactenti: Sead Cocmnisee- Nalestar nicole, 
Berens Sener Box S084, The Univer 
‘Abana, Tscloon AL 39407 Quests shout te poston may Se 
Siiesed De Sv Marcia Chit of te Sangh Commlace 
emwcmsetumeancdes 2055183094), Review of pbesions wil 
fFperpetiy 720 ed conser unl cee pound 


Fee more information visit our website at httpe//wwwas.ua.edu 


logy 
The University of Alama is an Affmative Acion/Equal Oppomunity 
Employer: Appicstons trom women and minontes ate encouraged 


UMBI 
& Sue Gove 


Tenure Track Faculty Position in Metabolomics 
University of Maryland Biotechnology Institute - Shady Grove 
Center for Advanced Research in Biotechnology 
Center for Biosystems Research 
Applications are invited for a tenure-track faculty positon atthe Assistant 
Aswociate, ot Professor level, The successful candidate will be expected 
tw develop a rigorous, externally funded research program ia the fell of 

metabolomics using advanced analytical methods 

The Shady Grove Campus of the University of Maryland Biotechnology 
Institute (UMBI) is developing an integrated research program in molecular 
systems biology, bridging the interests of the Center for Advanced Research 
in Biotechnology (CARB, hetp:/wwwarmbLumdedwCARB), a purine 
ship with the National Institue of Standards and Technology (NIST)) aod the 
Center foe Biosystems Research (CBR, http://www.umbi.umd.edwCBR), 


Research arcas a the Shady Grove Campus include chemical Biology, mass 
spectrometry, structural biology, bioinformatics, experimental and computa 
tional biophysics, systems modeling, plant and inseet biology. Several new 
faculty hites are anticipated over the next two years, and a new 140,000 
4 research building equipped with state-of-the-art facilities has recently 
opened 


Qualiications: Ph.D. in Biochemistry o relate field, postdoctoral expedi- 
enceand knowledge skills ia metabolomies. Areas of interest include but are 
rot limited to: metabolite changes in response to disease oF environmental 
stress; applications in functional genomics; metabolic networks; medicinal 
plant metabolism; development of metabolomic databases. We are purticu- 
lury interested in applicants who are seeking a highly collaborative research 
environment. Applicants should submit ther curriculum vitae (referencing 
position #300879) a summary of future esearch plans, and names of theee 
references (PDF file) electronically o carbsreharumbi.umd.edu. Review 
of eandidates will begin November 8, 2007 and continue nil the position 
is filled 


UNL is at EEQUADA/AA Employer 


Senior Biological Engineer 


The Jot BloEnemy Institute (9B) Int by LBNL 
i a multhorganizationa concentration of world 
dass fadites and expertise. The goal of 286 fs 
to we rapidly advancing scetiic ares such as 
ranctechnology and synthetic biology to accelerate 
the nation’s bot industry. tp: be. gov 


This senior level poston will manage the dayto- 
day operations and research activities ofthe group 
resporsibefor developing feedstock, 2, eneray cops 
2 2 biofuel alterative, ‘The incumbent must have 
denonstited success in establishing and operating 
2 viable, lngescale siete research program, a 
wel as superdry experience with various levels 
research, with of research suppor stiff, and Snterpersonal skis 
11 Nobel Pris recesary to effectively lead 2 multi-site research 
recipien tear. The candidate must avo havea published record 
of high impact wotk as evidenced by pubiaions in 
internationally mcagrize and peer-reviewed journal, 
Exteraive experience in molec biology. transgene 
plants, and charaterization of conples carbohydrates 
znd ther sitesi is also esetil. 


Plese apply online at hitpy/ /fobs.L.gov, select 

Search Jobe", and enter 20059 in the keyword 

+ fact search Bed Submit a single attachment incuding 

resume/V and letter of interest. Reference 

“Newspaper /Bournal” and “Séence” a5 your sure. 
AREOE 


wwwbl.gor 


POSTDOCTORAL 
FELLOW 


FIELD We invite applications for a 
LINIC. postdoctoral fellow posiion 
in the Molecular Microbiology Laboratory 
(Pk Or. Sanjay K. Shukla) of Marshfield Clinic 
Research Foundation. The sled conde 
expected fo work on new and ongoing research 
studies focusing on evobtion of virulence in 
rmahclinresstntStophfococeus orev 


For publications visi: 
hte://wwwemarshfeldelini 


default aspx®page=lnvestigatorDirectoryBid= 
fubterieieoe 


Research experience in bacterial virdence 
mechanisms, bioinformatics, ot molecular 
spidemiology preferred. A PRO. in microbilogy 
or molecular biology or releted csciplines 
is required. 1-2 years of postdoctoral 
experience would be advantageous. Salary 
cand benefits will be commensurate with 
Marshfield Clinic guidelines 


Interested individuals should send o 
cover leter, curriculum vtee, and contact 
“information for three references to: 


Marshfield Clinic - Attn: HR 
1000 North Oak Avenue 
Marshfield, Wi 54449 
Phone: 715.389.3288 


and tara ae wrcouraged exh 


265 POSTDOCTORAL 
CONTRACTS AT CSIC 


‘The Spanish National Research Council 
(CSIC) offers 265 new postdoctoral 
Contracts distributed among its 116 
research institutes throughout Spain. 
This offers opened to researchers with 
a doctorate degree obtained within the 
last ten years, Contracts willhave three 
years duration to work within priority 
research groups and lines as defined in 
the CSIC’s Action Pian for 2008-2009, 
and the respective Strategic Pans of 
Cenires and institutes. Contract profiles 
encompass a wide range of research 
areas that goes from life and material 
sciences to human and social sciences. 


Deadline for applications: November 
9th 2007. 


General requirements as well as 
details on the selection process 
can be found at www.csic. 
This offer is part of the 
“Junta para la Ampliacion de 
Estudios” (JAE) Programme to 
train researchers and technicians. 


London Research Institute wsescnunit 
Research Group Leaders emcee 
Cancer Research UK is the largest independent cancer research organisation in 
Europe, conducting wide-ranging programmes in basic, applied and clinical 
research. The London Research Institute (LRI) is Cancer Research UK's flagship 
research institute, operating on two sites, Lincoln's Inn Fields in Central London, 
and Clare Hall in Hertfordshire. Research at LRI centres on the analysis of 
fundamental biological processes involved in cancer with core interests in signal 
‘transduction processes and maintenance of genomic integrity. The Institute's 
international staff work in 50 research groups, housed in wellsupported 
laboratories with state-of-the-art scientific support faites 


The LRI encourages pursuit of ambitious and longer term research approaches at 
the highest level 


We are seeking innovative scientists to establish independent research 
programmes at the London Research Institute's Lincoln’ Inn Fields Laboratories 
and to contribute to the Institute's vibrant scientific programme. The London 
Research Institute is core funded by Cancer Research UK and group leaders at 
the Institute are provided with laboratory space and core personnel (including 
technical support. research fellows and graduate students) together with generous 
funding for laboratory equipment and consumables, as well as costfree access to 
scientific support facilities (including biological resources, transgenic facilities, flow 
cytometry. confocal microscopy DNA sequencing, peptide synthesis, etc) 


For 2008 recruitment. we are interested in scientists using molecular and cellular 
approaches to address questions in the area of: 


Immunology 
induding 
T cell tolerance and immunity; 
NK cell biology; inflammation and innate immunity 


Appointments will be made at junior or senior level 
according to experience. 
Qunior appointments are for six years in the frst instance with consideration for 
promotion to Senior Group leader in the sth year) 
Informal e-mail enquiries may be made to Caetano Reis e Sousa at 
castanof@cancerorg.uk 


For information about the London Research Institute, its staf, and their research 
interests visit 


http//wewwlondon-research-institute.co.uk/ 
Applications should be submitted electronically to Dr Ava Yeo at the address 
below and must inclide: 

|. Complete CV 

2. Past and current research interests (approx 500 words) 

3. Detailed outline of future research proposals (approx 1000 words) 

4. Contact details of three academic referees 

Dr Ava Yeo, Cancer Research UK London Research Institute 

Lincoln's Inn Fields Laboratories, 44 Lincoln’s Inn Fields, London 

WO2A 3PX, UK. 

E-mail: Ava Yeo@cancer.org.uk: 

Confidential Fax (references only): (44)-20-7269-3585 
APPLICATIONS SHOULD BE RECEIVED BY 

17th DECEMBER 2007 
Ory ro: 18H 
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Tenure-track Position in 
Computational Biology and Bioinformatics 


Located in lthaca, N.¥., Cornell University is a bold, innovative 
inclusive and dynamic teaching and research university where staff 
faculty, and students alike are challenged to make an enduring| 
‘contribution to the beterment of humanity 


Applications are invited for a tenure-track position in Computational 
Biology in the Computer Science department of Cornell University 
Multiple positions are available, and depending on experience 
positions can be at the assistant, associate, or full professor level 
Applicants must passess a Ph.D. in computer science or PhD. in| 
‘mathematical, biological or physical science with enough expertise in 
computer science to fit within a CS department. The department 
requires demonstrated research abilities at the highest evel as well as 
‘outstanding teaching ability and leadership qualities. 


Outstanding applicants in all areas of computational biology will be| 
considered, We are especially interested in areas including regulatory 


‘networks, population genetics, and complex behavior at the sub- 
cellular and cellular levels. 


‘To ensure full consideration, applications should be received by 
December 1, 2007, but will be accepted until all positions are filled. 


Applicants should submit a curriculum vita, brief statements of| 
esearch and teaching interests through the web at 
http://www.cis.cornelLedwapply, and arrange to have at least three| 
references uploaded on the Web or sent to: Stacey Shirk, 
Department of Computer Science, 4130 Upson Hall, Cornell 
University, Ithaca, NY 14853-7501 or freeruit@es.cornell.edi 


Gorell University ba 
Employer and encourage 
women and ethnic minorities 


Of MEDICINE '@& 


Assistant Professor 
Department of Anatomy and Cell Biology 


The Univesity of lows, Department of Anatomy and Cell Biology, http: 
invites applications for tenure-track faculty 


highly competitive start-up package, laboratory 
space, salary and benefits. Outstanding candidates interested in the pathophysi- 
‘logy of human disease and animal models are encouraged to apply. 
(Current strengths in the department include cell and developmental biology, 
cardiovascular biology, neurobiology, cancer, and stem cell biology. The 
Department of Anatomy and Cell Biology i also the administrative home of 
the Center for Gene Therapy. btp2/genetherapy.genetics.ulowa.edu/ 
Candidates must hold a Ph.D. M.D., or equivalent degree, with a least wo 
yeas of relevant postdoctoral research experience, The successful applicant 
‘will havea strong recond of research productivity and publications inexeellent 
peer-reviewed high-impact scientific journal, and exhibit a high potential to 
develop a suocessful extramurally funded research program, In addition, the 
applicant will ave demonstrated experience working effectively in adiverse 
research env awament 
Applicants should submit curriukien vitae, a short statement of research intet= 
tests.and plans, and the names oft least three references the address below, 
Review of applicants will begin immediately. Please sen all terials to 
‘Molecular Medicine Search Committee 
Department of Anatomy and Cell Biology 
1-100 BSB. 
‘The University of lowa 
SI Newton Road 
Nowa City, 1482242 
The University of lowa is an Equal Opportunity and Affirmative Action 
Employer. Women and minorities are strongly encouraged to apply. 


MICHIGAN STATE 
UNIVERSITY 
PLANT FUNCTIONAL ECOLOGIST 


The Department of Plant Biology at Michigan State University 
invites applications for a tenure-track position at the Assistant 
Professor level. We seek an individual who investigates the 
ecological significance of physiological, morphological, and/or 
developmental traits. We are particularly interested in applicants 
who employ phylogenetic and/or molecular genetic methods. This 
Position complements a number of recent hires in ecology, evolution, 
Population genetics, developmental biology. and bioinformatics at 
MSU. The successful applicant will contribute to undergraduate and 
‘graduate teaching, participate in the graduate program in Ecolo 
‘olutionary Biology, and Behavior (www.msu.edu/~eebb), and 
maintain an externally funded research program. Applicants must 
have a Ph.D., and postdoctoral research experience is desirable. 


Applications should include a curriculum vitae, a summary of 
research accomplishments and future research objectives, a brief 
description of teaching philosophy and goals, and three letters of 
reference. Information about the Department of Plant Biology can 
be found at http://vww.plantbiology.msu.edu. The review of 
applications will begin November 30, 2007 and will continue until 
4 suitable candidate is identified. Application materials should be 
sent electronically to plbeco@msu.edu. Questions regarding this 
position may be sent to Douglas Schemske (sebemva msu.edu). 


MSU is an Affirmative Action, Equal Opportunity Employer. MSU 
is committed to achieving excellence through cultural diversity 
The university actively encourages applications and/or 
‘nominations of women, persons of color. veterans and 
persons with disabilities. 


OPEN EXAMINATIONS FOR: 
ASSOCIATE TOXICOLOGIST 
STAFF TOXICOLOGIST 


The Depastncot of Pesticide Regulation (DPR) in the California Environ- 
ncntal Protection Agency announces recruitment forthe Associate and Staff 
Toxicologist examinations for the purpose of establishing hiring lists. Open- 
{ngs exist io Sacramento, California. Persons experienced conducting human 
Incath pesticide exposure assessments or evaluating toxicological or exposure 
studies are encouraged to apply. To qualify forthe Associate Toxicologist an 
entry level position, persons must: (1) hold a doctoral degree in Toxicology, 
Biochemistry, Pharmacology ofa closely related fel; o (2) hold a master's 
degree in toxicology ora closely related field and three years post-master’s 
experience in designing and managing toxicological studies, interpreting 
results, and conducting hazard assessment or safety evaluations; oF (3) have 
certification as a Diplomat ofthe American Board of Toxicology. To qualify 
for Staff Toxicologist, persons must hold a doctoral degree in Toxicology. 
Biochemistry, Pharmacology or a closely related field and a minimum of 3 
{years of postloctoral experince, in the intepretation of toxicological fnd- 
{ngs relative to probable human health or aquatic life huzands and one year 
of experience in the development and design of toxicological research and 
fvestigatve studies, The required degrees for these examinations must have 
been obtained froman accredited college or university. Cundidates must meet 
the qualifications as stated inthe official examination bulletin by the cutoff 
date indicated below: The salary ranges for Associate and Stall Toxicologist 
are $4,833 - $6,404 and $6,409 - $7,783 per month, respectively 


If interested, please submit your resume and a copy of the Examination 


Application (STD 678), avaiable at: buipslfww.sphcagov/E ployment 
exployment forms brechurestus ie blowing Desivimertel Pert 
ersoonel Services Branch/Examinations Unt, 1001 
Box 4015, Sacramento, California 9SB12-4015, 


The testing office will accept applications postmarked no later than November 
19,2007 forth inital testing period. Applications received after thi date will 
bbe held uni the next round of testing. Refer the offical bulletin for specific 
‘requirements and examination information at bttp:/iwww.edpreagov/docs/ 
deptpsb/home-bim, Contact tie DPR Examination Unit at 916) 322-4553 
Toe any questions. 


University of Wyoming 


ATMOSPHERIC SCIENCE AND RENEWABLE RESOURCES 
Wyoming Excellence Chair in Ecological Climatology 


The Departments of Atmospheric Science and Renewable 
Resources at the University of Wyoming seek a distinguished 
scholar for the new Wyoming Excellence Chair in Ecological 
Climatology, This endowed position will be filled at the rank 
of associate of full professor. It is expected that the successful 
candidate will have an earned Ph.D. degree in atmospheric 
science, ecology or in a closely related field, and should be 
eligible for appointment with tenure in the Department of 
Atmospheric Science, Candidates with an internationally 
recognized rescarch program focused on processes controlling 
the land-atmosphere exchange of water, trace gases, acrosols, 
‘and/or enengy are invited to apply. Preference will be given 10 
those involved with measurements and their incorporation into 
climate models linking the atmosphere to terrestrial ecosystems, 
The successful candidate will be expected to maintain an active 
research program, advise gmduate students, manage a research 
team, and develop courses such as climate-ecology interaction 
or climate change dynamics. The position includes a very 
attractive start-up package and access to a suite of research 
facilities, including an NSE-supported King Airresearch aircraft 
(http://ights.uwyo.edw), the Stable Isotope Facility (http: 
Jiuwacadweb.uwyo.edu/sif/), the Environmental Simulation 
Laboratory, the W. M. Keck Aerosol Laboratory, and the Elk 
Mountain Observatory. 


In addition to the mostly observational research programs in 
atmospheric science and renewable resources, the University has 
8 strong cross-disciplinary doctoral Program in Ecology (PiE, 
hétp://uwacadweb.uwyo.edu/PIE/) and is forging new ties with 
the National Center for Atmospheric Research (NCAR) through 
Joint supercomputing endeavors. The successful candidate is 
‘expected to interact with faculty and students in PiE, and with 
NCAR scientists 


Applications must include (a)a letter of interest, (b) a statement 
of research intentions, tools, and linkages, (c) a brief statement 
about teaching interests, (d) a list of the five most relevant 
publications, all publicly accessible, (e) the names and contact 
information for at least three references, and (f) a curriculum 
vitae, Screening of applications will begin December 3, 2007 
and continue until the position is filled. 


Applications may be mailed to 
Ecoclim Search Committee 

Dept. of Atmospheric Science, Dept. 3038 
1000 E. University Avenue 
Laramie, WY 82071, USA 


Email submissions are preferred: ecoctim@uwyo.edu 


For additional information, please contact the search 
committee chair, Bart Geerts Laramie, WY 82071, USA 


(geerts@uwyo.edu, +1-307-766-2261) 


The University of Wyoming is a Carnegie Foundation 
Research/Doctoral Extensive Institution, and adheres t0 the 
principles of equal employment opportunity and diversity and 
welcomes applications from qualified individuals, independent 
of race, color, religion, sex, national origin, disability, age 

vereran status, sexual orientation or political belief. 
welcome applications from diverse groups, including women 
and people of color, and international candidates. 


Institute for Cell and Molecular Biology 
Senior and Junior Faculty Positions 
Second Call for Applications 


As part of a New Life Science Initiative, Cornell University 
has established and endowed a new Institute for Cell and 
Molecular Biology (lor complete information, see 
www.iemb.cornell.edu). The Institute will consist of 12 
Tacully as the core component in a $160M new research 
‘building, now nearing completion, designed by renowned 
architect Richard Meier. Dr. Scott Emr recently relocated to 
Cornell as the founding Director of the new Institute, The 
goal of the Institute is to build a vibrant center of scientific 
excellence in basic biology integrated with existing 
outstanding programs in chemistry and chemical biology, 
physics, computational biology and engineering. Institute 
faculty will have full academic appointments in basic 
science departments to which they will contribute teaching 
and service. 


Three faculty positions are available this year, one of which 
will be an Endowed Professorship (department open) and 
the others appointed at the Assistant or Associate 
Professor levels within the department of Molecular Biology 
& Genetics (www.mbg.cornell.edu), Priority will be given 
to candidates using model systems employing novel 
approaches. to address fundamental questions in cell 
biology (including cell cycle control, signal transduction, 
regulation of the cytoskeleton, organelle biogenesis and 
function, regulation of membrane architecture, protein 
quality control, etc.). Individuals with expertise in X-ray 
crystallography, biochemical reconstitution, mass. 
spectrometry, functional genomics, and live cell imaging 
are of special interest. However, outstanding candidates in 
any area of cell and molecular biology will be considered. 


Please submit (electronically) a curriculum vitae 
(highlighting 3-5 publications with title and abstract), 
research plan (2-3 pages) and teaching interests, Please 
limit total fle to 10MB. In addition, applicants must arrange 
{or three letters of recommendation to be sent to the e-mail 
address below, concurrent with the other application 
materials. The committee will evaluate completed 
applications received before December 15, 2007, with later 
applications being considered until the positions are filled. 
We encourage women and minorities to apply. 


Applications must be submitted electronical 
as a single pai, to: 
Dr. Scott Emr, c/o Dianna Marsh at 
‘dmm20@cornell.edu 


Cornell University is an Affirmative Action! 
Equal Opportunity Employer and Educator. 
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INTEREY BAY AQUARIUM RESEARCH INSTITUTE 


POSTDOCTORAL FELLOWSHIPS IN THE OCEAN SCIENCES 
Founded in 197 and supported bythe David and Lucie Packard Foundation, The Manterey Bay Aquatium Research 
Instiute (MBAR) Is 8 nor-proft oceanographic research insotute, Gedcated to the development of state-of 
the-art instrumentation, systems, and methods for scenic research inthe oceans. MBARTs research center 
science and engineering laboratories, as well a an operations facilty to support our research vessels 
ner ap ecubment cing rama operated and aubnamous undewace vehicles. Lact 9 
Moss Landing, Caio, the heart ofthe nation’s largest marine sanctuary, MBARI places a balanced emphasis 
‘onscience and engineering wth established programs in marine robotics, ocean physics, chemistry, geology, and 
Biology, as wellas information management and ocean instrumentation research and development. 
MBAR! Invites applications each year or several postdoctoral elowships inthe tlds of bilogial chemical, and 
Diysies oceanography, marne gedlogy and ocean engineering, Felowahips may require occasionaltips W sea 
‘Awards are typically or twa years 
Candidates mustawardedthelr Ph.D. agree pra to commencing the Wwo:year appointment between September 
‘8 and March 208 


Applicat line: Thursday, December 13,2007 
Selected candidates willbe contacted in March 2008. 


‘Mote: Applicants are encouraged to communicate with potentia! research sponsors at MBARI 
‘mbarLorg/aboutiesearchers bal for guidance on project Teasiity, relevance ta ongoing MBARI 
Terouree vane 


2-At east trae professional tars of recommendation 
4 Sucemet statement ofthe applicant's doctoral research 
{4 Potential research goals at MBAR 
5 Supplemental normation online form ( ymbasior 
Competitive compensation and benefits package. 
[MBAAL considers all applicants fr employment vathout regard to race 
alo, relipon, sex, natonal org, sabi, or veteran stats 

‘Addeosa yout application matecialsto; 


woe ARI 
‘MBARI, Human Resour 
‘Job code: Postdocs 2008 
7700S ancholét Road, Moss Landing, CA 959-8848 


Submit by e-mail t jobs. postdocsmbari.org (pretrred, 
Syma otocto TD 


Beijing Institute of Genomics (BIG), 
Chinese Academy of Sciences 


Full Professors, Associate 
Professors and 100 talents program 
professors 
Director or Deputy-Director of 
Administrative Departments 


Beijing Institute of Genomics (BIG) is one of 
the youngest institutions of Chinese Academy 
of Sciences, founded on the basis of Beijing 
Genomics Institute (BGI andmade significant 
contribution to the International Human 
Genome Project, International HapMap 
Project, International Chicken Genome 
‘Sequencing and Polymorphism Projects, as 
well as sequencing and analysis of the rice, 
silkworm and other important genomes, 


At the moment of moving to the temporary 
‘campus close to the central site of the 2008 
Olympic Games, BIG will open to the whole 
society its positions of 30 Full Professorw 
Associate Professors, and of 8 Directors 
‘or Deputy-Directors of Administrative 
Departments, Willing to work in the planned 
section in Suzhou are encouraged, Details 
can be found at http://www.big.ac.en, 


Deadline of application; Review of the 
applications will begin November 8, 2007, 
and will continue until positions are filed. 


Contact: gongkaizhsopin@big.ac.cn 


Huanming Yang, Ph.D. 
Director-General, BIG, CAS. 


NANYANG 


ECHNOLOGICAL 


UNIVERSITY 


ool of Biological Sciences 


‘The Schoo! of Biological Sciences at Nanyang Technological University (NTU), 
Singapore is seeking faculty members of various ranks. Applicants who possess a 
PhO. preferably with a proven track record in research and teaching at university 
level, are invited to apply for suitable appointments in the following areas: 

+ Medicinal Chemistry 

+ Pharmacology 


in Chinese Medicine 


Successful applicants are expected to conduct undergraduate/posigraduate 
teaching and undertake research. They are also expected to participate in 
academic/professional activities that enrich the global development of NTU. 


Suitably qualified candidates are invited to submit a completed application, 
Please refer o www.ntu.edu.sg/hrifaculty guidelines.htm. The posi 
applied for should be clearly stated. 


Electronic submission of application is encouraged and can be forwarded to 
sbsrecruit@ntu.edu.sg. Application can also be mailed to: 

Chair 

School of Biological Sciences 

Nanyang Technological University 

60 Nanyang Drive, Singapore 637551 


Details of the School can be found on www.ntu.edu.sgisbs 


Do what 
you love. 


Love what 
you do. 


www.sciencecareers.org 


Science Careers 


UMDNJ a! 

[ag[s#] ROBERT WOOD JOHNSON \\ oe Canes 
NJ) MEDICAL SCHOOL N 

u New Jersey” 


ety of Meccne& Denti New Jey 


DIRECTOR, CANCER INSTITUTE OF NEW JERSEY 


LUMDN)-Rabert Wood Johnson Medical Schoo! seeks applications and nominations forthe postion of Director, Cancer Institut of New Jersey (CIN). This 
is an outstanding opportunity for a physcian-scienist or scientist to lead the Seats frst and only National Cancer Insiute-desigated Comprehensive 
Cancer Center. Candidates should be intematonally recognized for ther outstanding work in cancer research and dedicated to applying this new knowledge 
rethe benefit of patients. Experice in leadership roles that wil help advance the instzue in the areas of patient care, reaching, research and community 
‘outreach is essential, A skilled and energeric leader is sought who has the abity to recrut outstanding researchers, attract national cancer research gran, 
and who can work with community and patient advocacy groups 


areers 


Established in 1991, The Cancer Insitute of New Jersey is one ofthe Nation's most rapidly growing cancer centers CIN) isa matrix cancer center with 155 
fall members from Robert Wood Johnion Medical School and Rutgers Univers. Members ofthe Insitute received approximately §100 milion in research 
syants ths pas yar. Patient visits have reached more than 75,000 per year and accrual to clinical tals has increased to over 1,200. 


ce C 


CIN) delivers advanced comprehensive care, conducts word-clas cancer research, transforms laboratory discoveries into dinical practice, and provides 
‘education regarding cancer prevention, detection and treatment. CIN] alo offers the lates clinical wials and experimental therapies. With a statewide each, 
CIN) includes a network of 17 hospitals, making ie one ofthe largest neeworks inthe nation. Specialized centersinclude: the Dean and Betty Gallo Prostate 
Cancer Center, the LIFE Cente for Breast Cancer Awareness, the Fannie E.Rippel Foundation Center for Women's Reproductive Cancers, and the Center 
fer the Study of Diet and Nuertion. 


3 


‘As one ofthe eight schools of the Unive of Meine and Dentsy of New Jersey with 2,500 Fltime and volnterfcuky, Robert Wood Johnson 
Medial School encompasses 22 busi scence and clei! departmers and hoxs cers and nites including The Cancer nite of New Jey, the 
Child Health Ise of New Jersey. the Cente for Adranced Biotechnology and Medicine, the Emronmenal and Occopatonal Health Scenes Instat, 
{nd the Stem Cal inte of New Jerey The medal school maintains educaboral progams a the undergraduate graduate and posigradate evel for 
‘more than 1,500 student on it campuses n New Grunaick,Pacatamay, and Camden, and provides continuing edveaton courses for Meath cre 
profesional and community educason progam 


Review of applications wil begin immediacely and continue until the position is filled. Please send nominations and/or application, induding a brit 
statement ofthe atsibuees and quality of the mdvidva, and curiculum vitae to: Bonnie Baloga-Alkieri, MSN, RN, CNAA, Office of the Dean, UMDNJ- 
Robert Wood Johnson Medial School, 125 Patenon Soe, Sue 1400, New Bruner New Jersey 08903 OR Ema blogablOudn edi, UNON) 
isan Affirmative Action /Equal Opportunity Employer For more information, vt wannsumdn.edu/hrwebs 


Investigator 
Statistical Genetics/Genetic Epidemiology 


The Division of Statistical Genomics and the Department of Genetics at Washington 
University School of Medicine invite applications for an investigator (tenure)-track 
position in statistical genetics / genetic epidemiology. Strong background in quantitative 
sciences is essential, with specific expertise in statistical genetics, genetic epidemiology, 
or population genetics. 


mie LEHMAN 
HP coitece 


‘The Department of Biological Sciences 
Lehman College of The City University of 
New York seeks to fill a tenure track pos 

tion at the Assistant’ Associate Professor 
level in the area of Plant Physiology with a 
specialization in physiological ecology. The 
successful candidate should have a research 
interest inthe effects of global climate change 


Experience in genomics and post-doctoral training will be advantageous. We seek indi- 
viduals with a focus on theoretical and applied statistical modeling to interact with clinical 
and translational scientists engaged in human biomedical research from other disciplines 


‘on temperate forest habitats, He/She will be 
‘expected to develop an active research pro- 
gram with extramural funding. Candidates 
must have a Ph.D, degree in the biological 
sciences, demonstrated ability to publish 
in peer reviewed journals, and evidence of 
effectiveness in teaching. 


‘To apply, submit a letter of application, cur- 
riculum vitae, and three current letters of 
recommendation as both hard and electronic 
copies (PDF on CDROM). You may also 
include a statement of research interest and a 
PDF of no more than two of your recent peer 
reviewed publications, All material should 
be sent fo: Professor Joseph W. Rachlin, 
Chair, Department of Biological Sciences, 
Lehman College of CUNY, 250 Bedford 
Park Boulevard West, Bronx, New York 
10468-1589. Vist the Lehman College web- 
site: www.lebman.edu for the full position 
announcement. 


Lehman College is an EEQ/AN/ADA 
Employer. 


suchas oncology, cardiology, pharmacology, and microbiology. The successful canklidate 
must be an innovative thinker capable of developing an independent research program, 
will participate in teaching and mentoring of graduate students, and should possess a 
collaborative and collegial spirit. An excellent start-up package is available, along with 
‘generous benefits 


Applications received before Jamuary 1, 2008 will receive full consideration. To apply, 
please send your CY, a statement of research interests, and three references, preferably 
in electronic format, to: Ingrid Borecki, Ph.D., Co-Director, Division of Statistical 
‘Genomics, Washington University School of Medicine, 4444 Forest Park Blvd.— 


£8506, St. Louis, MO 63108; dsg-faculty@dspmail.wustl.edu. 


We strongly encourage women and underrepresented minorities to apply. Washington 
University is an Equal Opportunity/Affirmative Action Employer. 
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The Medical College of Georgia 


‘The Department of Pathology at the Medical College of Georgia 
‘continues the expansion of its program in investigative pathology. We 
invite applications for a tenure-track faculty position at the level of 
Professor engaged in basic and or ranslational research related to cancer. 
Candidates must have externally funded research programs related to 
the genesis, progression and prevention of cancer. 


Areas of special interest include, but are not limited to, animal models 
‘of eancer, tumor-host microenvironment, and molecular control of cell 
proliferation and metastasis, Selected applicant will join a group of 
scientists investigating the role of G protein-coupled receptors and 
their effectors using animal models of human disease. The position 
is supported by a generous star-up package, and laboratories will be 
available in the new Cancer Center. 


Applicants should have MD and /or PhD degrees and significant 
postdoctoral experience 


Please send curriculum vitae including. statement ofresearch interests 
‘and future plans, and the names of three references to: Dr Vehia Daaka, 
Professor and Endowed Chair, Department of Pathology, c/o Mrs. 
‘Carol Hardy, Medical College of Georgia BF 104, 1120 15th Street, 
Augusta, Georgia 30912 or chardy @meg.edu, 


The Medical College of Georgia is a Minorty/Female/Veterans 
Equal Employment Opportuniy, Afirmative Action, and Americans 
with Disabilities det Emplo 


Faculty Position 
Structural Biology Program 


Sloan-Kettering Institute 


ng Cancer Center invites applications for 
a the Assistant Member level in 
the Sloan-Keuering Instiaate 


the Structural Biology Prograen 


(woewshiedy). We are interested in individuals with an 
of research achievements i ea of 
including x-ray NMR 


spectroscopy, EM and optical imaging, as well as the interface of 
structural, chemical and computational biology. Faculty will be 
cligible to hold appointments in the Gerstner Sloan-kettering 


Graduate School of Biomedical Sciences, the Weill Graduate 
nces of Comell University, as well as the 
ing Progra 


terested individuals should submit their Curriculum Vita 


ts and proposed 


Nikola Pavletich, ¢/@ Julie Kwan, Memorial Sloan-Kettering 
Cancer Center, 1275 York Avenue, Box 4, New York, New York 
10065. The application deadline is January 15, 2008. Memorial 

acer Center is an Hqual Opportunity Employer 


Memorial Sloan-Kettering 
) Cancer Center 
Nu po tier ay are 

pee 


rN ‘TENURE-TRACK FACULTY POSITION 

COuttcE DEPARTMENT OF BIOCHEMISTRY 

OP WISCONSIS 
the Deparment of Biochemistry invites applications for acuky potions at 
thoAssitantorAsiociate Professor Ive witha focus on mole lar blog ak 
Approaches employe yng eameermechannens Applets ist ave a 
datorlderce(D.. M.D, orth) tas? years of psdocorl aig. 
4 song pation rscord, and potent obtain extemal Faning 
The Mata Colley of Wisconsia (tp wwmew.edu ists asst pea 
rescirch isituion in Wisconsin, contig over S130 millon arly ia 
funda research. Over the past several years the Collgs has been among the 
fastest growing medial schools nthe United Sats intron of NIM fund 
ing: In ation w a strong core of basic oma science depart ts, the 
Motil College is home to ine feral designatl Centers of Biomeical 
Research, Excellent sara facies are availble for prscomic, imaging 
moll bogs, mouse Fa pete, ow cytometry, muse spocror. 
Clecron croseops. Avray rytallogranhy and mclear magnctc esomance 
Therescarch and cleat programs bene etl om stone lan opc 
support fom canecesarviors aly mcr, and patent axes. The 
Caltee is completing major new cancer care facilities, incaling a Cancer 
Paton and has erty open Bae Research Bulking bong min 
ciliary rescarch programs. The Metical Colles i convexity Toate 
Suburban Miwaukce and spat ofan aeademie mal conc tht mel 
natty distinguished chitre’ sand al hospitals that employ once 13.000 
pone The College is loa miles west Lake Michigan with casy acces 
tostouning communis, kes an parks 


Salary and other considerations will be competitive and consistent with the 
College's commitment to weruiting the best qualified individuals. Applica- 
tions should include a cover letter, curriculum vitae, statement of research 
interests, and 3 reference letters. The review process willbegin on November 
1, 2007. For full eonsideration. applications shouldbe received by November 
30,2007, Send application materials and zeercoee kes, preferably by e-mail 
‘with pf atachonents, 0 eriekera mew edu or by regular mail: De. Robert 


Deschenes, Chair, Department of Biochemistry, Medical College of Wis 
cousin, $701 Watertown Plank Road, Milwaukee, WI 53226. 
EOE MF/DV 
wy name ed 


Assistant/Associate Professor 
Department of Pharmaceutical Sciences 
North Dakota State University 


The Department of Pharmaceutical Sciences at North Dakota State University 
fvites applications for a tenure-track Assistant Associate Professor position, 
Preference will be given to cansidates who have expertise in the field of 
Pharmacogenomics. The successful candidate is expected o developan estar 
‘murally funded research program on emerging aspects of pharmacogenomics 
that complements existing interests in the department, teach Pharm.D. and 
graduate-level courses, mentor Pharm.D_/Ph.D, students and provide service 
to the University and tothe discipline. Excellent communication skills and 
the ability to function in a team environment are essential qualities for this, 
position. Applicants must have a doctoral degeee in Pharmacogenomics, oF 
‘elated field, and at last rwo years post-doctoral experience with evidence 
of scholastic aptitude 


The department has experienced rapid recent growth and consists of ten 
full-time faculty members and 30 doctoral students. The department faculty 
members have diverse but complementary research interests and are well 
funded from numerous national and other funding agencies. The depart 
meat also participates ina $105 million NIH-funded Center of Biomedical 
Research Excellence and $16.3 million NIH-funded IDeA Networks of 
Biomedical Research Excellence programs. Additional information pertain 
ing to the department, the university, and Fargo can be obtained at http: 
Uneww.ndsu.edu/pharmsel, 

The review of applications will begin on February 1, 2008 and continue 
util the position i filled. The appointment is expected to begin on oF after 
August 15, 2008. Rank anda highly competitive salary with excellent start 
Up package are commensurate with qualifications and experience. Interested 
‘candidates should submita (1) letter of application, 2) statement of teaching 
philosophy, (3) description of research interests and future plans, (4) cur- 
‘culm vita, and (5) contact information for three professional references to 
Dr-Satadal Chatterjee, Department of Pharmaceutical Sciences, College 
‘of Pharmacy, Nursing and Allied Sciences, Sudro Hall, North Dakota 
‘State University, Fargo, ND S810S, Tet: 701-231-5286, Fax: 701-231-8333, 
‘©-mal: Satadal, Chatter jeeandsu.edu 


NDSU is ant Equal Opportunity/Affirmative Action Employer: 


The Technet 
ONE OR MORE FULL owners 
Denman oe of 
PROFESSORSHIPS mea 
ine rserch 
Seacstnes 
INTHE DEPARTMENT OF CHEMISTRY ivsttonsin 
ororn Corps 
cena 
‘The positions are intended for candidates students, 4500 
with stong experimental profes and out- Steen and 
standing tackrecords. Atleast one ofthe aut Mmowr of 
professorships will be within organic ‘ef January 1, 2007, 
Chemistry. Otherwise, priaty inthe selecton Bruner eryed 
process will be given to scientific excellence wlth the Dont 
rather than to any particular field of research attulefor Fond 
within experimental chemistry am nena’ 
Further information can be obtained from Labor the 
Head of Department, Professor Ole W. Danish institute for 
Sorensen, tel.: +45 45 25 24 06; email: (Aaharton Reanensh, 
ows@kem.dtu.dk. ie onbh Hotel 
‘The fulltext ofthe announcement can be apart hash 
seen on DTU's homepage. inate 
Application deadline: January 4", 2008 
at 12.00, 


Further details www.dtu.dk/vacancy 


Lead the next generation of pharmaceutical science. 


Assistant Professor or Untenured Associate Professor 
Department of Orthopaedic Surgery and 
Department of Bioengineering at Stanford University 


The Department of Orthopaedic Surgery in conjunction with the Department 
oengineering atStanford University seeks applicants fora faculty posi- 
the junior level (Assistant Professor or untenured Associate Professor) 
(on the university tenure line. Applicants are expected to have a doctoral 
degree in bioengineering, biomedical engineering, molecular biology oF a 
related diseiptine 


The candidate is expected to develop an outstanding research program ia 
tissue engineering, regenerative medicine, biomaterials, cell or molecular 
engineering, or musculoskeletal bioengineering. This is intended to be a 
broad based search and may encompass individuals with a wide range of 
‘capacity to apply biomechanics 

ateial science wo tissue engineering and orthopaedic science, and 

is expected 0 collaborate with both clinical and basic scientists to enhance 
‘ongoing interdisciptinary programs. The suecessful candidate will be respon 


sible for securing goverment and industry funding to support and conduct 
innovative research, 


The overriding requirement for faculty appointment, reappointment and 
promotion within the UTL. must be distinguished performance, oF (in the 
ase of junior faculty) the promise of distinguished performance. There 
should be a major commitment to research and teaching. There must be 
‘outstanding accomplishments in research and excellent overall performance 
inteaching, as well sia clinical eare and institutional service appropriate to 
the programmatic need the individual is expected to full 


The application should comprise a brief esearch plan, a resume, and the 
names and addresses of atlas five references, which shouldbe seatto: Wile 
liam J. Maloney, MD, Profesor and Chair. Department of Orthopaedic 
Surgery, 300 Pasteur Drive, Edwards R109, Stanford, CA 9308-5338 
Stanford University isan Equal Opportunity Employer andis 
committed to increasing the diversity of its cul: fr welcomes 
nominations of and applications from women ard members of minority 
sroups, as well as others who would bring additonal dimensions 1 the 
university research, teaching anal clinical missions 


Eli Lilly and Company is a leading, innovation-driven 
pharmaceutical corporation with approximately 42,000 
employees worldwide. Lilly is developing a growing 
portfolio of best-in-class, first-in-class pharmaceutical 
products. We achieve thisbyapplyingthe latest research 
from our own worldwide laboratories, by collaborating 
with eminent scientific organisations and by making 
use of the most up-to-date technological tools. 


Established in 2002, the Lilly-Singapore Centre for Drug 
Discovery (LSCDD} is now expanding its capability to 
discover and develop new medicines more productively, 
inthe areas of cancer and metabolic disorders. We form 
‘a network of drug development partners, and through 
innovative data integration approaches, discover and 
apply biomarker and patient-tailoring solutions. 


Located in the exciting Singapore Biopolis, LSCDD's 
multi-disciptinary and multi-cultural team is working to 
redefine the leading edge. We are looking for outstanding 
individuals to fill the following positions: 


* Director - Drug Discovery Research 
* Director ~ Integrative Computational Sciences 


ntist - Assay Development 
+ Senior Scientist - Cancer Biology 

+ Senior Scientist ~ Diabetes 

* Senior Scientist - Epigenetics 

* Informatics Scientist 

+ Research Associate 

* Software Engineer 

* BioSafety Officer 

Log on to www.iscdil.lilly.com.sq to find out more about 


these positions and what a career at Eli Lilly and Company 
can offer you. Eli Lilly is an equal opportunity employer. 
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FACULTY POST 


CIRCUITS 


ION IN BIOLOGIC 


Caltech invites applications for a tenure-track position inthe 
broadly construed area of engineering biological circuits. 


We are interested in areas such as synthetic and systems biology, circuit 
design and analysis, biomolecular information processing and bionanotcch- 
nology. Candidates pursuing wet, dry. in vivo, in vitro, analytic, synthetic, 
experimental, and/or theoretical rescarch will be considered. A stag 
commitment o excellence in teaching and mentoring is also expected. The 
successful candidate will hive a primary bome in Bioengineering, Applied 

a and Neural Systems, Computer Seience, Control and 


as wel as the possibility of a joint appointment in Biology, 
Chemical Engineering, Chemistry, or Physics. Participation i the Center 
for Biological Cireuit Design, part of Caltech’s Information Seience and 
Technology initiative, will provide access to an active research community 
\with opportunities for interdiseiplinary collaborations. Strong preference 
will be given to applicants atthe assistant professor level, but exceptional 
candidates at the associate or full professor levels will be considered. The 
{enn of the initial appointment atthe assistant profess level is normally 
four years, and is contingent upon completion of & PRD. 


‘Applicants should apply online at hip./www.cascaltech oda bio-citcuis 
by submiting « leter of application: a brief statement of research 
accomplishments, interests, and goals; a brief statement of teaching 
iterests; curriculum vitae; and up wo thee selected reprints preprints 
Applicants should arrange w have four leters of reference uploaded to 


hutp:/wwweas.caltech.edubio-cinuitsrefy. Application review will 
‘commence on December 31, 2007 and continue until the position 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
Division of Engineering and Applied Science 
abacus Crema can Epon 

‘Nooon notin rs td a pave emg arp 


- Evolutionary Biology and 
UNT mahi omy 
‘The Department of Biological Sciences 
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position is fora Limmologist. and requires research interests and experiences 
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of application, statement of research and teaching interests, the names and 
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Sears ra oe Crt ly 
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e-mail: atkinson@ unt.edu, phone: 940-565-2694, Please indicate which 
reine epi tee fl 
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Facutty Posmion — Breast Cancer 
Darrmour Meoicat Scoot 


Norris Cotton Cancer Center a National Cancer Institute designated com 
prehensive cancer center at Dartmouth Medical Schoo! and the Dartmouth- 
Hitcheock Medical Center, invites applications fora full-time, tenure-track, 
faculty appointment in basic or translational research relevant to breast 
‘cancer, n association wit extensive chaical research effons of our Compre- 
hensive Breast Program, we conduct a broad range of fundamental labora 
tory and population-based research, emphasizing innovative, collaborative 
studies ino the causes, treatment, and prevention of breast cancer. We seek 
‘candidates with interests i stem cell biology, tumor micro-enviroament, and 
molecular therapeutics; but outstanding candidates with interests in other 
relevant aspects of breast cancer are encouraged to apply. 


Norris Cotton Cancer Center hasa strong commitment to uaderstanding the 
‘molecularbasis for cancer, clinica and trandational research, and the devel- 
‘opment of advanced interventional therapies. Foc more information on our 
‘esearch portfolio, vsitour website at ttpy//www.cancer.dar tmouth.edu/ 
researeh/index.shtml 


Exceptional candidates atany level are encouraged to apply. Candidates for 
Aappointmentatthe Assistant Professor level must show evidence of prode= 
tive research accomplishments. Candidates for Associate or Full Professor 
‘must havea currently funded research program and atrack record of federal 
funding. Please submit a curriculum vitae, description of current and fare 
research plans, copies of recent representative publications, and arrange to 
hhave thee lsters of recommendation submicied to: Charles N. Cole, PhD, 
‘c/o Andrea Tillotson, Norris Cotton Cancer Center, One Medical Center 
Drive, I1B 7920, Lebanon, NIU 037S6. Review of applications will begin 
‘on December 1, 2007 and will coatiaue until the position i filled. 


Dartmouth isan Affirmative Actiow/Equal Opportunity Employer and 
encourages women and minority candidates to apple: 


Assistant/Associate Professor, 
Respiratory Viruses 


The Division of infectious diseases in the Department of 
Pediatrics at Emory University School of Medicine invites 
applications for a tenure-track faculty position at the 
Assistant or Associate Professor lovel. Priority will bo 
given to individuals with demonstrated research interests 
in molecular virology and/or pathogenesis of respiratory 
Viruses. Applicants must have a Ph.0., M.D. or equivalent, 
degree with postdoctoral experience and a strong 
publication record. The successful candidate is expected 
to establish a competitive independent research program 
and participate in graduate student teaching. Laboratory 
space in the new Emory Children's Center building will 
be available along with competitive start-up funds and 
salary packages. Applicants at the Associate Professor 
level are expected to have a record of sustained 
extramural funding 


Please submit Curriculum Vitae, a statement of research 
interests, and the names and addresses of three 
references to Dr. Richard K. Plemper 
tplempe@emory.edu; Department of Pediatrics, 2015 
Uppergate Drive, Atlanta, GA 30322. 


&) EMORY 


UNIVERSITY 


MEDICINE 


Emory University isan 
EEO/AA employer 


ULLINOIs 


‘GRVERSITY OF LINO AT URBANA CHAMPAIGN 


Plant Systems Modeling 
‘School of Integrative Biology 
‘We seckan autstanding carly carccr scientist witha background in mathematical 
modeling of plant hologicalsystoms fora full tos tenure-track faculy positon 
atthe assistant professor level inthe Department of Plant Biology. Execpional 
Candidatcs attheasstato full profesor level may be considered. Candies 
rust have a Ph.D. in plant scicces or relate field and experience in math- 
‘matical modeling of biological systems. The weal candalts woul bea plant 


Scientist with background in design of mechanistic modes for forecasting plant 
productivity and research intrest in plants as biofuel feedstocks. The successful 
‘andilate would be expectod tobe an integral part ofthe Energy Bioscisaces 
Institute and would receive funding to develop ~S0%s oftheir research effort 
within dhe Institute's mission with a focus on the development of new models 
tnd approaches to forceast productivity of lignocellulosic feedstocks globally 


The candidate mustalso develop an extcrmally fund research program to mee! 
plant systems, which could range from the molecular tothe ceosystcm level 
The successful eandidate would become partof a dynamic and well-establised, 
biology and agriculture faculty, as well asa broadly based genamies community. 
The position involves both graduate and undergraduate wnstrucion weluding 
participation inthe development of new biosnergy cumeulum. The proposcd 
Maring date is August 16, 2008, Salary és commensurate with qualification. 
To ensure full consieration, applicants should submit a CY, a statement of 
research and teaching interests, and the namcs and contact information of three 
references no later than January 11, 2008, Applicants may be interviewed. 
before the closing date, however, no hing decision will be made until afl 
that date, Please send application materials, ineding email address, 0 the 
Plant Systems Modeling Search Committee, School of 
‘ogy, University of tlinols, 246 Morrill Hall, S0S South Goodwin Ave., 
Urbana, 11. 61801 (phone: 217/333-3044: fax: 217/244-1224; emal 
Mba ifeuive.ed) 
The University of Minols is an Affirmative Action, Equal Opportunity 
Emplover Minorities, women, and other designated groups are 
encouraged to app: 


avericoni Postdoctoral Fellowship 
Cancer ‘Awards in the Early 
Society Detection of Cancer 


@ CANARY FOUNDATION 


‘Canary Foundation, in partnership with the American Cancer So 
‘ty, is extending its postdoctoral fellowship program focused on 
studies towards development of strategies for the early detee- 
tion of cancer. Research should be directed at new approaches 
to improve clinical methods for the sereening of primary tumors 
and/or metastases, 


Awards will be 3 years with stipends of $40,000, $42,000, and 
$44,000 per yr, plus an annual $4,000 institutional allowance. Based 
upon availabilty of funds and scientific merit of the applications, it 
is anticipated that up to S awards will be made. To restrict funding 
to full 3 year fellowships, applicants may at the time of application, 
have had no more than 2 years of research experience beyond their 
terminal degree (MD or PhD). Applicants must be US citizens or 
permanent residents working with an accomplished mentor ata non- 
Profit institution. Awardees will be asked to attend the “Realizing 
the Promise” Early Detection Symposium May 20-22, 2008. 


Deadlines: Leter of intent: January 16, 2008; Application: Febru- 
ary 20, 2008. For information regarding policies, submission ofthe 
latter of intent, or to obtain an application, goto the ACS website 
www.cancer.org/researeh. To leam about the Canary Foundation, 
Visit wrw.canaryfoundation.org. For inquiries, contact Wiliam 
Phelps, PhD at (william phelps@ cancer.org) or 
Michael Melner at 404-327-6528 (michaeLmelner‘a eancerorg). 


Imperial College 
London 


Facully of Natural Sciences 
Department of Life Sciences 
Divison of Molecular Biosciences 


Lecturer/Senior Lecturer in 
Experimental Systems Biology 


‘Salary range: £38,880 - £43,420 for Lecturers, 
{£47,900 minimum for Senior Lecturer 


Imperial College is ranked i the top ten 
Lnversites of the world, according to the 
2006 Times Higher Education Supplement 
league tables. 


‘Applications are invited fr a post in 
Expermental Systems Biology at Lectureship or 
Senior Lectureship level n te Division of 
Moleeuiar Biosciences within the Department of 
Lil Sciences, Imperial College London, 

‘The Division housed in stat-ofthe-art 
labocatories on the South Kensington Campus, 
Furtver nformaton about te Division can be 
found at the folowing webst: 
htt:wwimperia ac ub/molecularbioscionces, 


‘A major strategic aim ofthe Division is to 
‘understand at the molecular level cellular 
Processes as integrated systems including 
mechanistic dotals of ndvdual component 

‘at constitute the system. The Division hosts 
‘the newly established imperial College Centre 
{or integrative Systems Biology (CISBIC; 

enw impenal ac uivesbic), which is supported 
bby BBSRC and EPSRC and lod by 

Professor Jaroslav Stark, CISBIC has 
‘exomplary research programmes focused 
‘around analysis of the innate Immune response 
to bactaral pathogen infection based on a set of 
twee interned projects, each addressing 
fundamental issues in systems biology and 
‘each iavoving closely interacting teams of 
biological and numerical researchers. 


To develop ther the actives of CISBIC, 
we are soeking fo recruit ahighly-motivated 
ecturerSenior Lecturer in the area of 
‘expermental systems biology We are se0kng 
‘candidates that have an understanding of the 
‘challenges of integrating biological and numerical 
researc he wir cont of biological 
probleme that can be studied by a systems 
biology approach. 


‘You wil also be expected to partcpate fuly in 
the tpaching and administrative actwties of 

the Division. To make informal enquiries about 
‘he post please contact Professor Paul Freemont, 
‘e-mail. peemonlgmperal ac uk 


‘An application form, further particulars induding 
‘job description and person specification can 
'be obtained from the following Ink. 


http wwwimpenlac ul’empleymenvacademe 


‘Completed application forms should be e-mailed 
toc smmonsi@imperial ac. uk ot posted to 

Ms Coralie Simmons, Dwvisio of Molecular 
Biosciences, Department of Life Sciences, 
Faclly of Natural Sciences, Imperial College 
London, Flowers Busiding, South Kensington, 
London SW7 2AZ. 


Closing date: 8 November 2007 at 12 noon. 
Interview date: early December 2007. 


‘Valuing diversity and commited i equally 
of opportunity 
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‘website: jobs.oreyonstate.edu. For addition 
Teceamins hee Peete Wartars Meview, 


‘email; barbara.mevicar@oregonstate.cdu, Linus 
Pauling’ Institute, Oregon State Univenity, 571 
Weniger Hall, Corvallis, OR 97331. OSU i us lf 
Sirmative Action Equal Opportanity Employer. 


POSTDOCTORAL FELLOW in 
LUNG TRANSPLANT RESEARCH 
Childeen's Hospital 
Howon slooking for aPotdoctral Fellow to work 
in the Dison of Respatory Dacas, Pemater 
{Sorter The cant boul have caperence 
{rampant immunology ri/or wal sil sag 
‘Quaid appcanty shoul send thc cuca 
sus to De ary Viner Dor, Lang Tra 
lant, Children’s Hopital, 300 Longwood Ave- 
fie, HU-268, Boston MA O2118 te by email 

ga0jvsner@ childrens harvard 


NEUROSCIENCE POSITIONS 


The Emory University Interdepartmental Program 
in Neuroncience and. Behavioral Biology (NBB) 
seeks a nontenure:track LECTURER with focmal 
graduate training in neuroscience and proven schol 
Anhip in neueoethies. ‘The candidate must have a 
Ph.D, and a record of excellence in undergraduate 
teaching, The successful candidate will help develop 
4 neurvethies curiculum, teach NII counes, and 
participate in a required writing intensive seni 

apatone seminar, There will also be the opportunity 
to become an active member in the university wide 
initiate in neuroscience, human nature, and 0 
ciety. Applications should inchide curriculum vitae, 
summary’ of past research, teaching profile, and three 


Of the Neurocthics /Neuroscience Search, ¢/o New 


rroscience and Behavioral Bi 1462 
Glifton Road, Suite 304, Atlanta, GA 30322; email: 


nbbsearshi@emory.edu. Review oF applications will 
‘Bap Jamas TSR, Envy bw Ped Operant 


Afirmstive Acton Employer 


ION CHANNEL ELECTROPHYSIOLO- 
GIST. Position available within Center for Neuro 
science and Regeneration Research, Vale University, 
for PATCH CLAMP PHYSIOLOGIST to join 
‘mukidisciplinay research group studying molecular 
pathophysiology of sodium channels (see Proc. Natl 
‘Acad. Sci.103: 8245-8250, 2006; Journal of Piys 
‘ology 879:1-14, 2007). Expertise with patch-clamp 
techiques is exential, and experience studying voltage 
gated soaium channels is desirable. Incumbent will 
interact closely with molecular and cell biologists in 
highly collaborative seting Send curriculum vitae, 
three lettery of reference, and statement of interest 
"Stephen G, Waxman, M.D., Ph.D., Chai 
Department of Neurology, LCI 708, Yale Uni 
versity School of Medicine, P.O. Box 208018, 
New Haven, CT 06520-8018, Qualifo! sion and 
member of ndarepeeotd winodsy groups ane ensunaged to 
“poly. Afiemaive Acton and Equal Oppoernity Employer. 
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PEN 


E UNIVERSITY OF 


ES) NOTRE DAME 


‘The University of Notre Dame invites applic: 
‘Hons for adynamic leader and visionary toserve 
as DEAN, COLLEGE of SCIENCE. The Col: 
lege contains 12 research centers and includes 
M0 faculey members in four academic depart 
ments: Biology, Chemistry and Biochemistry, 
‘Machematis, and Physics. Supported by a $70 
ailion seicno: teaching facility, $43 mlion in 
carramutral funding, and significane imminent 
institucional investments, the College aims 
strengthen and expand a research program. To 
apply, please scod cover Kter and curriculum 
‘eae va email only eo Lisa Prigotey-Milius via 
mail: nd sciencest presidiosearch.com, 


FACULTY POSITION at the 
UNIVERSITY of MONTANA 
Center for Biomolecular Seructure and Dynamics 

The Center fr Baomckculr Structure and Dyna, 
ics (CSD) welcomes applications fora entre cack 
Potion 2 the kvel of ASSISTANT PROFESSOR 
In the DIVISION of BIOLOGICAL SCIENCES. 
We seck a talented and innovative investigator in 
the field of biophysics, structural biology, or mech 
Sais Haochemnary, wih research intrest i Fy 
igen mctabaivm with appbeation w biocatalytic and 
Fomimeti systems, The CBSD derive is mui 
ciptinary fay from the bskogicd, chemical, comps 
tation, and pharmacological scences, focused 00 
the exploration and chcilaton of legal proceacs 
Bt the molevlar and atomic vel The socesfal 
Candate wil be expected to develop vigorous, 
‘eatramuraly fund Foearch program snd exh 3 

rang commitment 40 teaching within the area of 

etry, a+ well as mentorship at the under 
at radiate Feels Applicants must hve 3 
PreD. cx qualent degree, « demanstrated reser of 
tgraduate and powoxtoral research etcellece, and 
Teaching effectiveness Applicants should send (1) 
Carrum vite wah 2 description of research 3¢ 
complstmens, (2) a deed statement of fate re 
search plans and (3) teaching iterests, together With 
the mamer of three ponent fferenae 
CBSD Faculty Search Committee 
</o Roslyn Pinson 
Center for Biomolecular Structure and Dynamics 
Davidson Honors College 002 
University of Montana 
32 Campus Drive #1049, 
Missoula, MT 59812-1049 

Apylications, inthe form of a PDE document, may 
be sthe by e-mail: ebsd@umontana.cdu. 

Review of applications wi Begin Jauary 1, 
2007. The Center iterated in faring a candidat 
‘who will enhance the ethnic and ender diversity of 
Kes ieuky. UM wan Attain Anal Opyranty 
Employer” ADA Vac Pfoence Employer and The cp 
de of on ative Natal Siewe Foodakn Paerhip or 
Campeche Fp aval. Tht mate abe ft 
semi fra op rope. 


ASSISTANT PROFESSOR, BIOCHEMISTRY 

Meropoltan Sote Univer, St. Pa/Minnespols, 
sche 3 Tomar track faulty 18 Biochemistry. Qual 

ations PhD, in tiocherny, chery, tidloey, 
for relted Sch! by time of appoinumenty aby 10 
teach abroad range of unlerpaate sence cours 
sce teachng exgerionce: Alby Dever 14, 
Soy Foe docipic of pee getaoen ad 
Seplication process goo website: 
imetrostate.cdu oe ot. 

Timber Of Te Nines State Colleges and 

Univeraties Stem 

Amati: Asal Employnt Opp, 


FACULTY OPENING in LANDSCAPE 
ECOLOGY 
University of Illinois at Chicago 
845 W. Taylor Street M/C 066 
‘Chicago, Ilinois 60607 
The Department of Biological Sciences (website: 
hetp: //www.uiccedu/depts/bios/) at the Univer 
Sty of flinois at Chicago (UIC) invites applications 
for an ASSISTANT PROFESSOR positon. This 
temure track faculty position, which includes a joint 
appointment with UIC's Institute for Environnien: 
tl Science and Policy (websie 


SOCIATE, FULL PROFESSOR) may also be 
considered. 

Research arcas of particular interest include, but are 
ot limited to, multiscale approaches to the study 
‘OF (1) patterns of land use and the functioning, sus 
taimabulty, or reoration of ecomstems (2) biogeo. 
shemale lnk roses and Ue eaerip 
to ecological systems; and (3) invasive species ecol 
‘ogy. Relevant research areas are not limited to these 
topics, and LANDSCAPE ECOLOGIST with re 
search accomplishments and interests in other areas 
fare encouraged to apply. Candidates mist have a 
PhD, significant postdoctoral experience, anda 
demonstrated recor of research accomplishments 
They will be expected to establish a vigorous, ex 
temally funded research program, teach eflectively 
in the Department's undergraduate and. graduate 
ogans and actively "prtpat iy UIC 

jonal ‘Science Foundation funded Integrative 
raduate Education anal Research Traineeship inter 
sciplinary doctoral training program called LI 


(Landscape, Eeological, and Anthropogenic 
‘cesses, website: hetp:/ /www-leap.uic.edu. 
Located in the heart of Chieag, UIC is one of 


the ttn'eding ca ue, Nurs 
ittacape ecology across disciplines at UIC and with 
colleagues and institutions throughout the Chicago 

‘Tor fill consideration, ease subie etron 


fealty a website: htep://www.uiccedu/deprs/ bios, 
by December 15 a ar Aftmatoe Aron? 


Epa Oppormnty Employer 


FACULTY POSITION 
Department of Chemistry 
Georgia State University 

The Department of Chemistry at Georgia State 
University anticipates two tenure-track faculy oni 
tion openings at the ASSISTANT/ASSOCIATE, 
PROFESSOR level for fll 2008, The Department 
seeks outstanding candidates capable of achieving, 
ceacellence in rescarch and teaching, Applicants mi 
have a Ph.D. or equivalent degree with postdocto 
training. Although outstanding scientists in all areas 
‘of chemastry are encouraged to apply, preference will 
be given to candidates with a research focus in bio 
chemistry’ of computational biophysicalchemistry. 
There is an option for a joint appointment in the 
Biology Deparment. The Department of Chemistry 
coffers 3 highly intellect, collaborative, and contin 
ually growing environment, with 18 full-time, ten 
tured ‘or tenure-track faculty and more than 60. 
Ph.D. and 30 M.S. students. Applicants must submit 
a research plan, a statement of teaching objectives 
that demonstrates a commitment to education, cur 
riculum vitae, reprints of at most three reeent re 
search publications, a two-page summary of research, 
accomplishments, and arrange to have three letters 
OF recommendation sent tar Prof. DW. Dixon, 
Faculty Search Committee Chair, Department 
‘of Chemistry, Georgia State University, 2.0, Box 
4098, Atlanta, GA 30302-4098. Reviewing of ap 
plications will start on November 7, 2007, and will 
bbe open until the position is filled. Gove Suite Unie 
ity isan Afiomative Action/Equal Employment Oppo 
funy Employer 


www.sciencecareers.org 


ASSISTANT PROFESSOR 

OF BIOCHEMISTRY 
‘The Dep of Biocherisy atthe Abert Einstein Clee 
ofMeicng, Vesna Univers: iseekingapphiatons for 
{enwre tack Asisant Pofesers Appcants shold be 
deveopig novel and innovate approaches 10 
fundamental questions of bidegcal chemistry Lat wil 
‘impact hur elt, 


‘he Albert Brten Calle of Main i underpin 2 
sufstantal eqursion with the maopiraion of 3 oe 
‘esearch bull for genetic and vara research this 
AL, Research interes of appli sbaald colement 
tesco the xing clinching programs with rad 
agplicalls to Bicherity, chemical. bak and 
‘rasonal bichenisty Speci ras nee ince, 
‘tare not ened tall moc iniier design or 
selection canputaoralexperentl apps osu 
imoleceligant-nvcrorokcub bindng. genonic ot 
fetaric approach to metabolism and anges. ers 
Ido and epee bochmitry tee 


Candies ae expected to have a PHD or MD degree. 
osldotoral experince and a slong record of 
Acomplidnents 


Aopants shoud sed a cucu vibe anda page 
‘nay ofthe intend rcarchplasas single pe 
{a BCseaebmalusa Nocaecomyuets The Jadlin fo 
reap apon eG 130 ees fot 
Ove or mare erences shu fe sent toh sare era 
ass Aer comspondce nay be abide Search 
Comat, Dept of Biohemis, bet Einstein Clee 
cof Medio, ck & Pearl Resnick Cpu, 1300 Monts 
Park ene, Brom, NY 10861. EOE 


~~) The 
=) Jackson 
‘a tory 
‘The Jackson Laboratory, © mommalion genetics reseorch insiution and 


NCldesignated Cancer Center, has launched a mer faculy expansion 
in Concer Research. 


We encourage applications for poslions othe Assan, Associole ond Full Professor 
ievd, especolly Fom those wih on inlere! in interiscipinary and/or ronsational 
‘proaches. Condidoes should hove o Ph.D., M.D., or D.VM, and have completed 
posdocterd taining wih a record of research excellence, ond they mus! have the 
bility o develop a competitive, independenlyfunded research program that takes 
cchanioge ofthe mouse as 0 genetic model for human concer. 


Cancer Research 


iting in 


We ofer unique scientific research enviranmen,induéng excllent callabaratve 


‘opportunites within out faculy of 37 principal ivesigolors, unparalleled mouse 
‘genomic resources, oustanding core scienfic support services, highly succsshl 
postdectord and predocoral raining programs, ond @ mojo scientific meeting 
centr, featuring courses and conferences centered on mouse modal. 


For more information, go to: wwwjax.org_ 
‘pglicans should send o curiculum vive and o concise stlemont of research 
interests ond plans, and onange to have three leters of reference sen to 


Review of applications will begin in Jonvary of 2008. 
The Jackson Laboratory is on EOE/AA employer 


The Jackson Loboralery, 600 Moin Stree, Bor Harbor, ME 04609 


Faculty Recrui 


www.jax.org 


Post Doctoral Position - MRI 
Applications in Immune 
Mediated Tumor Response 

This position is aimed at investiga 
imaging of immune mediated tumor responses 
with the goal of translating methodologies 
developed in small animal models to the elie 
Weare interested in an individual who is fi 
grounded in NMR theory and practic 
fn interest in applications in immunological 
‘approaches to eancer therapy including ai 
bodies, immunocytokines, T-cells, dendritic 
cells, and small molecule drugs, This work 
will involve development and application of 
various MR methodologies in the Biologie: 
Imaging Center and Caltech Brain Imaging 
Center (http://bioimaging.caltech.edw/) 
coordination with researchers and physician 
in the 
and Tumor Immunology at City of Hope (ht 
dwwweityothope.org/citi) Al 
Interested applicants with experience 
animal MRI should email, FAX, oe 
sketch including names, addresses, and email 
addresses of three referenc 
Russell 
tle 139-74 Caltech 
1200 E, California Blvd 
Pasadena, CA 91125-7400 


Fax: (626) 449-5163 
California Institue of Teckmology is 
‘an Equal Opportunity’ Affirmative Action 
Emplover and encourages the applications 
of qualified women, minorities, veterans and 
disabled persons 


PENNSTATE 
S University 
Park 


Head, De; 


tment of Biochemistry and Molecular Biology 


Penn State inv 
of Biochemistry and Molecular Bioto 
‘ongoing rescarch program, strong interpersonal skills, 4 co 
commitment to diversity and a supportive environment for faculty and students, to provide 
cenctetic and able leadership forthe Department. The Departmcet has 40 faculty members 
ch explores a wide spectrum of biological questions atthe molecular level 
esearch is supported by extensive external funding. The Department has vigorous 
uate and graduate ducational progeams and participates in a number of 
interdisciplinary graduate programs. The Department interfaces with other excelent 
‘departments in the Eberly College of Scicace and has extensive collaborations with oth 
life science researchers across Peni State, including at the Hershey Medical Center, as 
wi = nation and around the world. Cootinued growth and e in life 
i a priority of Penn State and the Eherly College of Scicnce. The incoming 
head wll have a numberof faculty lines and other resources to enhance existing arcas of 
expertise and develop new fronticrs. Further information about the Department may be 
found at tg: //ww bab psc 
‘The position is available for Fall 2008. Credentials appropriate to the rank of tenured full 
professor are required. Review of applications and nominations will begin November 15 


ito mh 


‘Eberly College of Science, 512 Thomas Building, University Park, PA 16802. 


PENN STATE Making Life Better 


areers 


i 


POSITIONS OPEN 


PLANT ECOLOGY 
Harvard University 

‘The Department of Organismic and Evolutionary 
Biology (OER) at Harvard University invites appli 
cations for a tenure teack ficulty position in plant 
ecology with an emphasis in the area of global 
change. We seck to appoint an individual who 
Studies the ecology of plants and /or plant-organism 
interactions in terrestrial, aquatic, or marine environ 
‘ments at the physiological, population, community 
for econstem level, We are especially interested 
individuals who conduct rigorous field observations 
and/or experiments that advance our undersanding 

how climate changs, habwtat transformation, species 
introductions, and species extinctions are alfecting 
ecosystems a local, regional, and global scales. Ap 
plicants will be expected to develop an inno 
esearch program and contribute to teaching at the 
‘undergraduate and graduate leveh, Applications from, 
(oF information about, female and minority candi 
dates are encouraged, This search is part ofa broader 
initiative to develop comprehensive research programs 
in plant biology and ecology at Harvard University 
‘The Department has strong linkages to a aumber of 
allied institutions, including the Harvard Fore 
Amold. Arboretum, Harvard University Herbaria, 
Harvard Museum ‘of Comparative Zoology, and 
Haron Cees te Ener 
Hon tea onlin co web 


sentative publications, and amange fo 

ences to be uploaded to the websit 

‘nomination fom third parties are also. welcome 

and may be sent via e-mail to Paul R. Moorcroft, 

Professor of Biology, c/o Katie Parodi, e-mail: 

kparodi@ocb.harvard.edu. Review of applications 
Sp on FT, 2007, 

Further information about OEB is available at 
website: hetp://www.oeb.harvard.edu; informs 
Won shout tefst Nikea atte a Hana 

wind at website: hetp://www.pbi.fas. 


W Afionstie Adio Equal Ope 


inued Untooty & 
povtnty Epler 


RESEARCH TECHNOLOGIST 
‘The Department of Anan and Physokgy invites 
applations for the positon ot Research Teshol 
Os The ccf api wil mate bors 
{ory resourct; prepare DNA an toul RNA ication, 
Suse and nuoumarize data colected from exper 
linens, maintain secre records on all pec 
the lnvetgatr’s odent colon, including prod 
ton and pertormance dita, veterinary heath report, 
inational Arial Care and Use Commteee 
‘econs, Occasional work on weekends is requied 
BS. deqree required, American Awocaion foe Lab 
‘ratory Anioul Science Laboratory Anioal Tech 
cin aren nina Feil ereion 
is prefered Serening of applications will begin 
October 39, 2007, ant continues ‘ntl postion fs 
filed. Matra to be suited ter of afpbetion, 


current resume, and three references, E-mail mate 
rial to e-mail’ behomps@vetk-state.edu. Kass 


Suse Univesity & an Expl Oppoiay, Atirmatice Acie 
Employer RSU atively woke divenity among it employes 
A POSTDOCTORAL POSITION js availible 
in the Laboratory of De Asie Sancar in the De 
partment of Biochemistry and Biophysics at the Uni 
‘versity of Neth Carolina at Chapel Ell wo study the 
interface between human nucledtide excision repair 
and the DNA damage checkpoints, Applicants with & 
Strong working backround in biochemistry and mo 
lecular biology are encouraged to apply. Phase con 
‘act me directly to apply or for more information: 
‘Avie Sancar 
University of North Carolina at Chapel Hill 
Department of Biochemistry and Biophysics 
CB #7260 
Chapel Hill, NC 27499-7260 
E-mail: aziz, sancar@med.unc.edu 
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POSITIONS OPEN 


ASSISTANT/ASSOCIATE PROFESSOR 
in HUMAN GENETICS 
University of Missouri-Kansas City 
‘School of Medicine 

Postion exerview: The Deparment of Basic 
Medial Science secks oustanding candidates, 
for two fl time, tenure-track, culty (Asistant/ 
Associate Professor) positions at the Univers 
ty of Missouri-Kansas City (UMC) School of 
Medicine. Success candidates ac expected 
to work closely with Dr. Hong-Wen Deng in 
developing 3 compechensive research program 
in genetic stalics o€ complex human diseases 3t 
UMKC. This growing Program will en 
compass all relevant research fekls elated to 
‘lentifing and characterizing genes and their 
functional contribution to complex human 
dhonders, which may inclade sutistial genetics, 
‘molecular genetics, gene functional studies, 
fianctional genomics and proteomics, et cetera, 
This position is immediately available, and the 
<qualed candidate is eypected wo start his/her 


work at UMKC by September 1, 2008, at the 


———e 


cations: Applicants munt have a doc 


sad sep nt lvarecsoene ae 
sndoctral rence: « si petted 
Frond of ergtal roach in pecrecrcod 
secoi bed gel peal edo 
In independeen extrmnuraly funded rescand 
rape, Reseach perce a eat Gt 
Be Ravetag mech petevek pope 
perpen ipentt pe pred yey 
anes een panes mioeerny oe 
portage mel ggery toning 
see ees cos © leaner 
Seccieontene 
ig pre 20%, al fica 
seen Sead Boake poe 
Ciinal bacgrotod cha rier se Egosing 
Clee aaah tains elie 
ded eee eee es ae 
Seon citvesk; aed ahiom, tote 
Pree a pepper 
eisetets ce 
seated es pon es bees ed 
hike! pat teal Cpe, Eagle 
fd bused Casta oO te 
ar anon ae 


Louisa State University Heakh Sciences Ceotr 
in New Orkans Louisiana, hs an immetine opening 
fics POSTDOCTORAL RESEARCHER: The 
‘vera dies ofthe researcher a tis postion are 
to plan, organize, and conduct hight’ independent 
rosarch ont two prj: (1) understanding the oe 
‘oF Nschana in Wet cancer cell migration and ia 
“ast; and (2 studing the role of Niachai i 
for pogrom and ng ail mn 
ther information ace webnite 
imetechood dooce 
‘bara iilaak with rong background in so 
Keir and cal log Cans mat havea PD. 
in biochemistry, malcoslr er cellar Wology, or 
healherebted REL Dee domonstrated expencece 
in mokoular techniques such ss gene clog, gene 
‘iprenion, and mantmalian call anafectons Espe 
tence with animals is 3 plus Interested candidates 
should send curculum ts, a summary of research, 
Sttemene and naines, lepbene nares and el 
= of ace rons Be SK Altai, 
armnt of Biochemistry and Moecalar 
Louisiana State University Health Sdence 
(Eber, Clinical Scence Research Building, New 
Orleans, LA 70119, E-mails slabs lhc, 
ESUHSC ian sfomaive Aan Ea Oppo, 
Empl: 


POSITIONS OPEN 


ASSISTANT PROFESSOR. The Teansyhania 
Siate Univers invites applications for tenure-track 
roars inthe Deane of Hongo a 
to have a PRD, and posdocural raining it i0/ 
biomedicl caginecrag, chemical or ekecrcl eng 
fcering, biophysics, or elated discipline. The De: 
poruncne has 30-year Rinery ate escach stcngis 
DGardawascular broenginccring, cel and molecular 
temeckanis, biophetonia, binmatera, neurd eng 
cotig, ant Biaactical ineging: For tare deals, 
‘ist web edu, Outstanding 
andiaes in jocagincering wil he co 
Scred, however, preference wil be given to ea 
dacs with expertue in ether ofthe following thrce 
reas, Comptsional biology computer sitions 
Sn/or eathematcal madcing to cuidate blob 
iG fancton atthe cellular and/or molecular level. 
‘Appraiche such 2s neti or networks modeling and 
aqplcationstoleuaceule signalog are of pantculor 
teres, Medical tzaging: small animal’ aging 
ting MIR, ultrasound or optical coberance tomon 
taply. A faces on engin seccle pathortysiolagy or 
Specific dives fs deirable The ability to inertce 
‘ith exuing buomedial maging fcuk nthe Depart 
tne & high desiable. Micro/nano sale mediine: 
development and application of nancacience, micro 
fabrication, and/or materials science tule ta Inver 
tipae fundamental or applied questions in celllar 
‘mole tnt ah nd acne Can 

ae expected to attract extramural funding and 
Sonte departmental teaching a the unde 
grades and greduaclevds, In adtkion to depart. 
ental ecwuress, addeional cles aed potential 
for collsborauon exit at Fenn State in the Huck 
Insttne for Life Sciences, the Material Research 
Insite, and Hershey Medical School, Send cur 
tihim vitae, statement. of research. and teaching 
objectives, three reprints, and names_of three 
telorences ix Dr. Herbert H. Lipowsky, Professor 


and Head, nent of Bioengineering, The 
Pennsylvania State University, 205 Hallowell 
Buildin 


ASSISTANT PROFESSOR, 
‘The Division of Basic Biomedical Sciences, 
‘Sanford School of Medicine 
‘The University of South Dakota 

‘The Division of Rasie Biomedical Sciences at the 
Sanford School of Medicine of the University of 


South Dakota iesitesapplictions for a tenure ack 
Sey potion tt Rant rue cE 
ctl pea ihr cc ay a bc 
ants shoud havea Ph.D, sor MLD, 
or it int dee, and pendoctoral eaperence 
Stcceail candies wil be expected wo develop an 
independcot, extemal funded research progam in 
the tea of poten quai contro, particulary a 
fetes to the gene and/or treatment of prevalent 
Gacacs, The Drsion has at proriy to expand 
‘earch in the area of protein gusty control 
rence wil fe hen to aplicats whe esearch ca 
foment the akealy ehsing strengths in proten 
Tidling, lecular chaperonc, targeted proteo, 
tia sgl eadcion The accel candidate il 
Sho be expeced to paripte i teaching under 
ipaihnc, graduate, abd metal sudcnts, cele 
Eup find, ste anded salary commensurate ith 
fsperince and modem recach facie in the new 
ise Medical Badding, Verilion, South, Dakors, 
wal be pond. Applcation should incite eric: 
oe reprccnnie rein, ana pat 
rine, eater regarding research Interests 
Soul fture plans 5 wel as contact information of 
ince rerences: All matezals should be sent (0 
the University of South Dakota online exployeient 
Srebste bep:/ /yourfutureadbor.eda Revi 
‘yplcsions OM Sega o November TT, 2007 and 
‘Soniowe ntl poison is Sled. fete sanu/ 
Bul Opp Epler 
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| think what’s possible. 


Would you like to contribute to innovative research with the goal of improving human health? Novartis Institutes for 
BioMedical Research has a variety of postdoctoral positions in biology, chemistry and computational sciences that 
Provide excellent training in research and exposure to science in a pharmaceutical setting. 


POSTDOCTORAL FELLOWSHIPS. The NIBR Presidential Postdoctoral Fellowships provide talented scientists with the 
Unique opportunity to conduct innovative, interdiscipiinary research. Presidential Fellows have a NIBR mentor and an aca: 
‘demic mentor, and develop their projects in consultation with both mentors. PhD students in the last year of their doctoral 
research, as well as postdoctoral fellows within three years of obtaining their PhD, are eligible to apply. Applications are 
accepted on a rolling basis. To apply, please vsit http:/ /nibr.novartis.com/careers/Postdoc fellowships /index.shtm!, 


The NIBR Postdoctoral Fellowships support talented scientists on cutting-edge projects that originate within 
departments at NIBR. As they become available, the specific positions and eligibility requirements are posted at 
http://www.novartis.com/careers/job-search/ brassring/index.shtm|, 


Fellowships are available at our eight global sites: Basel, Switzerland: Cambridge, East Hanover, and Emeryille, USA; 
Horsham, UK; Shanghai, China: Tsukuba, Japan; Vienna, Austria. All fellowships are for a single three-year term. 
We especially encourage applications trom postdoctoral candidates for the following areas of neurobiology: 


‘Neuroscience Disease Area in Basel, 
‘Switzerland 


‘neuronal differentiation of stem cells cellular models of diseases 

+ in vivo imaging and electrophysiology + genetic manipulation of 

behavioral models for stress-related identified neurons 
disorders, 


* CNS lipid storage disorders, 


‘Developmental and Molecular Pathways 
Expertise Plattorm in Cambridge, MA, USA 


In the cover letter, applicants should indicate their area(s) of interest and mention this ad, 


0 Novartis 


INSTITUTES FOR, 
IMOMEDICAL RESEARCH 


Nowartis san equal opportunity employer committed 
to embracing and leveraging diverse backgrounds, M/F/D/V 


TWO PROFESSORS 
Structural Biology 
University of California, Riverside 


‘The Department of Biochemistry, University of California, Riverside 
(hutp:/wwvcbiochemistry.ueredw/) invites applications fortwo faculty 
positions, one atthe assistant professor level and one at any level, in 
the general area of structural biology. The specific area of research is 
‘open and can include fundamental questions related the strvctuce and 
function of macromolecules involved in processes such as transcription 
regulation signal transduction, and membrane transport, as wellasnovel 
approaches in structural genomics o high throughput structure dter- 
mination of biological macromolecules. The suocessful candidates wil 
bye expected to develop vigorous, independent and innovative research 
programs thatare able to attract extramural funding, and willbe expected 
to interact with existing life sciences faculty on campus. The success- 
ful candidates wil also be expected to contribute to the department's 
teaching mission a both the undergraduate and graduate levels. These 

positions are part of an ongoing initiative to expand structural biology 
{nibioptyscson campus puriculany in reas of biomedical revance 
‘Competitive start-up packages willbe supplied, with salaries commen 
‘urate with education and experience. The pesitions are availabe July 
1,208. A Ph.D. M.D., or equivalent degree is required. 


Interested individuals should senda curriculum vitae, a beef statement 
of research interests, and arrange for atleast three letters of reference 
to be sent (0: Professor Richard Debus, Chair, Structural Biology 
‘Search Committee, Department of Biochemistry, University of 
California, Riverside, CA 92521-0129. Electronic applications are 
‘encouraged (send to richard.debus@ucr.edu). Review of applica 
tions will begin December 1, 2007 and will continue until the position 
is filled. For additional information about the UCR campus, vist http: 
Uwoew.cnas.uer.edu or http:/wwv.uereda. 


The University of California is an Affirmative Action! 
Equal Opportunity Employer. 


Assistant Professor 
12-Month, Tenure Track, 75% Research, 25% Extension 
The Departmentof Agronomy and Horticulture and the Panhandle Research 
‘and Extension Center invites applications for the position of Altemative 
‘Crops Beceding Specialist, This, 12-month,tenure-leading position is located 
at the Panhandle Research and Extension Center in Scottsbluif, NE, The 
‘successful candidate will focus on the development and establishment of 
alternative crops, oF new applications for existing crops that have market 
potential in rain-fed and limited irrigation ecosystems the Northern High, 
Plains (westem Nebraska, Kansas, Colorado, South Dakota and eastern 
Wyoming) Smull grains crops such as wheat and millet, and oilseed crops 
such as eamelina, sunflower and canola are of particular interest. The 
applicant will participate on interdisciplinary research teams focusing on 
‘stainable agricultural systems for the Nonthern High Plains and Biot. 
‘els. The appointee will develop and deliver educational programs focused 
‘on the establishment and acceptance of novel erops with new potential 
markets. Extension programming will also deliver timely information to 
producers on varietal asesnients The successful applicant is expected 10 


attract extramural funding, release improved cultivars and germplasm, and 
publish in peer-reviewed journals, Requites 4 Ph.D. in plant genetics, crop 
science, o relate field and expertise in modern plant breeding techniques. 
and statistics. Evidence of good verbal and wetten communication and 
ability to work effectively asa member ofan interdisciplinary team is also 
requited. Relevant postdoctoral or private sector experience and grant writ 
ing experience are preferred. 


To apply, go to http://employment.unl.edu and complete the faculty/ 
‘administrative form (Requisition # 060853). Then submit a letter of appli- 
‘ation, curriculum vitae, transcripts, and arrange for 3 letters of reference 
tobe sent fo: Dr. Mark Lagrimini, Head, Department of Agronomy and. 
Horticulture, University of Nebraska-Lincoln, PO Box 830915, Lincoln, 
NE 68583-0915. Review of applications will begin December 15, 2007, 
‘and continue until the position i filled. 

UNL is committed to a pluralistic campus community through AM/EO and 
is responsive to the needs of dual career couples. We assure reasonable 
‘accommodation under the ADA: contact Dr. Mark Lagrimia\ at 
402-472-1555 or mlagrimini unl. edu for assistance. 


areers 
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POSITIONS OPEN 


COMPUTATIONAL GENOMUICS/ 
‘PHYLOGENOMICS SEARCH 

“The Unherity of Hors, Department of 
Botany (Website htepe/ /webs botany 
ela d) rie pecan ee tine aoe 
tmone tenure trick portion in computational 
{genomic /pivlogeneais atthe level of AS- 
SISTANT PROFESSOR to begin Acme 
2008. Candidates with exper and revere. 
ingen ar ows ei 
{seed Asirong commitment 40 both us 


dengaduste and graduate teaching and train 
ing is required, ‘The candidate wil contribute 
to teaching in the areas of introductory biol 


‘ogy, plant sjstemutis, and phylogenetics, and 
will develop a course in computational plaloge: 
rhomics, The success cardlate is expected 1 
maingan an active, high Fevel,interdscplinay, 
and extamurally finded research program 
Hh de ree. ltr splcaes shuld 
eich oe, act of roc 

and teaching philowphy, a lection of 

oe than theee repAings, and arrange three 
Texcers of recommendations to: Computational 


received by January’ 7, 2008. The Unenity of 
Florida ban Equal Oppotunty lesion, 


CHAIR, BIOLOGY DEPARTMENT 
Lamar Univesity seks an energetic and produ: 
use Ce forthe Depart of Hy! Tamar 
Jrosimateh’ 10,000 sualens located in eaumont, 
esas, close to the Gul of Men and 90 mites 
from Houston, A part of the College of Arts and 
Sciences the Deparment ers undergraduate de 
fees in caveonental cence and medal technol 
Spy as wall a graduate and underacate degrees fo 
iti pane mane pew earl ox 
ste i bidlygeal scence and. poe administrative 


bout the position is available o 
‘website. Anticipated starting date of fill 2008 with a 
review of applications to begin December 1, 2007, 
Applicants should send a letter of interest which in 
chides statements of administrative style, texcbing 
philosophy, and research interest along with current 


the departmental 


curriculum vitae, and names/contaet information of 
at least thee references to 
Biology Chair Search 
¢/o Human Resources 
Lamar Universit 
P.O. Box 11127 
Beaumont, TX 77710 
Laur Civ & 4 member of the Tess Ste Unosity 
Sp ad an Aina can Tl Oppo iron. 


UNIVERSITY of CALIFORNIA, RIVERSIDE 

‘Theee POSTDOCTORAL POSITIONS ae ays 
able immediately in the Department of Biochemistry 
at the Univenity of Calfomnia, Riverside, to study 
the biochemistry and molecular biology Of the in 
teraction between diet, drugs, and lifespan. The 
swidies will use Draophila, annual fish, and mice for 
4 chemical genomic investigation of the cross-species 
tole of small molecule therapeutics and signaling 
pathways in longevity. A strong foundation in bi 
Chemistry and molecular biology’, and experience i 
‘one of the experimental stems & preferred. Please 
Subunit your curriculum vitae and a fst of three ref 
ferences electronically to Stephen Spindler, Pb.D. 
(email: spindler@ucr.edu), before December 15, 
2008, 
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POSITIONS OPEN 


FACULTY POSITIONS in BIOLOGY 
“The University of Washington 
The Uniceriy of Washington's Departcat of 
Biology has new open enare tack fculty potions 
We wekome appicans in both coe and interdis: 
‘inary areas of ology but hae panics ore 
itareas of cell molecular, sod paysoogial Le 
‘ds of onpiniesion in plats cr aoiah A record of 
Susanding scheme + promiing car peo 
gam, sod commimcor to teaching ae more 
Mrpomane then the speci rxcach are. Our coe 
sib of tx tog an Cnicgraat 
iis foe ecw pros an itenlacinay is 
re Infrae set be Depart vale 
web swaahingson cl, 
Sprinter ASUISTANT PROVES. 
SOW rank are anticipstd. Appointments at the 
ASSOCIATE or FULL PROFESSOR rark ss 
teconsiered for candidates who have demonstrated 
2 commiment to memoring undereprscned st 
dene the sence, Appian ma have eamed 4 
Doctorate by the date od sppoinement 


esse apply online Ne website: Be 
sree bishop wading. ta hic ae aoe 


POSITIONS OPEN 


CARDIOVASCULAR POSTDOCTORAL 
FELLOWSHIPS are available in the Cardio. 
vascular Innovation Institute (CI) with a 
‘number of investigators comprising a mul 
isciplinary team evaluating the mechanisms 
tanderlying and new therapaes for cardiovascu 
lar disesse. Opportunities exist in the areas of 
cardiovascular molecular and cell biology, 
‘microvascular biology, cell-based therapies, 
stem eels, biomaterals, inflammation, and 


cardiovascular medical devices. Those with an 
interest in translational and/or entrepreneur 


Ja Sai ae encouraged wo apphe Cand 
‘Snes wal be sapporeed by an tientncpinay 
sci of tengo wh fal 
fag Woced. within large’ beaki slences 
Kenpo and rocarch complen, The Cll i 
locted in Louies progresive chy uated 
tong the scene Ghie Ree wih a thrvog 
taint sce ond a vaney of unos tee 
featien opportunites. Plone eval cucu 
ihm stacle PDF format to Janes 8, Hoying 
2 cima jychoyingelousveed 


Ts over ter, curanufom We, SSP repens, 
Sttemcn of car and of teaching aterest, ad 
fumes of a leat thee references. Application’ re 
cial by November 1, 2007, wl be given pty 
‘Univery of Washington icy engage tech 
ing, rca, and sent, The Unieriy of Washing 
ton; recent of the 3006 Ard f Sloan avant 
foe Faclsy Cacer Hexbiy, commited to up 

Pong the work ie balance of te faculty. The U 
Footy © btling' aely dec ey nd aa 
fou win, nrc hd 


al cveed veto ‘The Univesity 
(of Wahingun isan ABiemstve Acton, Kul Oppretuaty 
Baap 


FACULTY POSITION in PHARMACOLOGY 
and TOXICOLOGY 
Brody School of Medicine at 
‘East Carolina University 

The Department of Pharmacology and nicole 
ay is seeking applications for a tare track faculty 
ration from individ condacting wate of the art 
search in tnicologal siences. Appoint anh 
pen end dependen upon tne ara pater 
tions bur minimum regorementsinchade a Ph.D. or 
‘sjualent degree io pharmacology, tonicology, ce 4 
felted fick! with at kaw two Years of pemtoctoral 
fxperience preferred, The auccesfal camidate wil 
berepeta wo eabloh/mainan inepennt 
ternlly supported. research program, partkipate in 
the teaching, masion, and tain graduate students 
Si contribute to sevice activities Appications will 
te reviowed beginning Sepeember $0, 2007, and 
Wil be accepted until the poston i fill. ka 
Son to completing an application online (website: 
ec amts/), plese 

end crc wae, a ct sarement of ranch, 
interests teaching experience, and the names aod 
cou aidrenes for tee profesional erences tn 
i. Pam Wynne (cma: mamncpatcnalu) AS 


‘Assodate, 
Imaclogy sod Tenicloyg, Room 88-10, The ely 
School of Medicine at East Carolina University, 
Greenille, NC 27834. Hist Caring Union ts at 
Exgaal Opporimty Employer and wekimncs applications fom 
womor and manor candles 


POSTDOCTORAL POSITIONS are available at 
Washington Universi in St Yoni, Mase, foay 
ing on lung cancer genetics and chemoprevention. 
doctoral degree, experience in statistical genetics, 
‘molecular/cell biclogy, transgenic/knockout animal 
stidies, and strong Engish communication skills are 
required. Preference will be given te individuals with 
[Previous experience in the respective Selds. Interested 
Individuals should send resume 10 e-mail: ka 
swustLedu with “port doc” on the subject lise 


MULTIPLE TENURE-TRACK POSITIONS in 
‘BIOLOGICAL SCIENCES 
As pact of a major iniative wo strengthen our 
Department, the Department of Bilogiea Slene 
University of New Crean inten apples 
fe malipe snare track pontions a the ASSIST 
ANT PROFESSOR level in these ares: ecology, 
veutionary biology, piyniology and Bochemstty/ 
inelecubr biology. We expecially neck applications 
fom broadly trated inditduah with rverch ier 
tots that span traditional dacpines within tology 
Steceafil canidates wil be expected Wo develop 
Spina eanury nde rach progr, 
fly patie in the PRD. progam nt conneaion 
thology” (ceclogy/evoliionary biology” and phys 
‘ogy postions), or ina new iterdpinary PD. 
rogram it biochemistry, aml to contribute 10 un 
Uinpratuae educaion, Apcants mut hve a PhD. 
snl asda cone Ge 
Smit eter of apcation stain which poston 
is ght, carlean vias, hacmetna of ea 
dnd teaching interest, and names contac informa 
tio for dee let reference vo Steve Jonson 


(e-maik o@uno.edu) or mail te: Biology 
‘Search Committee, 
ences, Universit 


telephone: 504-280-6307 fx 
Revlew of applications wil beg 
2007, and continue wn 3 ponons ar fil. 
nore information about the Department of Biolog 
ial Scences ace webite: mio.sda 7. 
UNO & an Afar Ain pal Oppo pl 


nage soamon 

TOXICOLOGY /CLINICAL CHEMISTRY 
pe pb 
Sarees eres 
aac seers 


‘ents. Please sec website: fined, 
chemistry for mare tsi Send cierculamn_ 
Transcrips, research plans, and three letters of referena: 
to: Toxicology Search Committse, nt of 
(Chemistry and , Florida International 
University, Miami, FL 33199. The selection process 
will begin en December 31, 2007. FIL & an Epa! Op 
patonty and Affimative Aaion Employer. 


wow sciencecareers.org, 


The UCSF Fellows Program 


Nominations are being solicited for appointment 
asa ‘UCSF Fellow’ in a program at the University 
of California, San Francisco that brings talented 
young scientists into our diverse and interactive 
research community, UCSF Fellows independently 
pursue biomedical research without the oblij 
tions of faculty membership or the constraints of 
a conventional postdoctoral fellowship. Thus, the 
UCSF Fellows Program provides an alternative or 
a supplement to traditional postdoctoral study fol- 
lowing the M.D. or Ph.D. degree, and an opportu- 
nity to establish a creative and successful research 
program prior to obtaining a faculty position, 


UCSF Fellows are independent group leade 
who occupy small laboratories adjunct to UCSF 
iculty; they receive an annual financial award to 
cover their salary and partially defray the costs 
of their research program. UCSF Fellows may 
recruit postdoctoral fellows and are encouraged to 
seek extramural funds to support research groups 
of 3-5 members. The UCSF Fellow award is 
nonrenewable, for a term of five years. See http: 
jochemistry.uesf.edu/~uesffellows/ for addi- 
tional details on the program. 


candidate must be nominated by a mentor/advisor 
who is able to comment in some depth on the 
accomplishments and future potential of the candi- 
date, The nomination letter should be accompanied 
by the nominee's curriculum vitae, Subsequently, 
selected candidates will be asked to arrange for 
three additional letters of recommendation, and to 
submit a brief research pla working 
in any area of modern biomedi will be 
considered. Although the UCSF Fellows Program 
is cager to consider nominations of all exception 
individuals, we are particularly interested in attract- 
ing minorities and women to our campus. 


The deadline for letters of nomination is January 
15, 2008. We anticipate interviewing selected can- 
didates in the spring of 2007, and aim to appoint 
a new UCSF Fellow to start in the second half of 


2008. Nominations should be sent to the attention 
oft 
Dr. Douglas Hanahan 
Chair, UCSF Fellows Steering Committee 


of California, San Francisco 

c/o The UCSF Diabetes Center 

Parnassus Avenue, Room HSW1090 

San Francisco, California 94143-0534 
EM: dh@biochem.uesf.edu 


The UCSF Fellows Program is sponsored by the 
Sandler Family Supporting Foundation. 


Laboratory 
of Molecul: 


MRC | bicicgy 


MRC Laboratory of Molecular Biology, Cambridge 


Group Leaders 
£37,000 - £47,000 per annum 


The MRC Laboratory of Molecular Biology in Cambridge is 
seeking to recruit Group Leaders in the Structural Studies 
Division. We are currently building up new areas of research in 
connection with a move to a new building. 


Enthusiastic candidates from any relevant area are 
encouraged to apply. This includes, but is in no way restricted 
to crystallography of large complexes, electron microscopy 
(either tomography or single particle reconstruction) and 
single molecule biophysics. 


The Laboratory provides world-leading infrastructure, 
long-term funding and a collegial atmosphere that allow 
scientists to tackle difficult and important problems without 
the necessity to write grants. Candidates should have a PhD 
and postdoctoral experience, and an outstanding track 
record of research accomplishments 


Appointments will be made at either Programme Leader or 
Programme Leader Track depending on experience and 
achievements. Your salary will be internationally competitive 
and commensurate with experience and accomplishments - 
and is supported by a flexible pay and reward policy: 

30 days annual leave entitlement. an optional MRC final 
salary pension scheme and excellent on-site sports and 
social facilities. 


Informal enquiries and requests for further information 
can be addressed to either Venki Ramakrishnan, 

‘email ramak@mrc-Imb.camac.uk or Kiyoshi Nagai, 
‘email: kn@mre-lmb.cam.ac.uk 


Applications should include a full CV,an outline of 
current and future research interests and the names and 
addresses of three professional referees who have agreed 
to be contacted. 


For further information and to apply online please visit our 
website: hee uk or telephone 01793 301 154 
quoting reference LMBO7/646, 


Closing date: 30 November 2007. 


For further information about the MRC visit www.mre.ac.uke 


‘The MAC is an Equal Oppormunises Employer 
“Leading science for better health’ 
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POSITIONS OPEN 


INSTITUT PASTEUR 


POSTDOCTORAL FELLOWSHIPS. 
Institue Pasteur, Paris, France 
Founded in 1887 by Louis Pasteur and lo- 
‘cated in the heart of Paris, the lnstitut Pasteur 
is a world-renowned priate rescacch ocga 
nization. The Pastcur Foundation of New York 
is secking outstanding fellowship applicants 


Canulidates may apply to any laboratory within 
10 Departments Cell Bisloxy and Infection, De 
\elopmental Biology, Genomes and Genetics, 
Immunology, Infecuon and Epidemiology, Mi 
crobioloyg, Neurencence, Parmiology andl My 
‘cology, Structural Biology and Chemistry, and 
Virology. See welnite for deta. Annual pack 
ages $70,000 for three years. This isa biannual 
‘all for applicants; see website for deadlines. 
US, atisetbip rogue 


ASSISTANT PROFESSOR in 
‘AQUATIC BIOLOGY 

The Department of Biology a the University of 
South Dakota (USD) (webnie: tp / wowed. 

fu/biol/) invites appliaions Tat a 
Fg py ape el 
‘ogy We ce an individual with «broad backgroud 
imPaquaie biology, interested in integrative and 
Colidorative racarc, who wil’ devdop 3 creative 
estemally finded research program, and exhibit 
tacallence in teaching/ mentoring of under poate 
Snd graduate students. Candates whose research 
explores the ecology of very, streams, riparian sys 
{enna or wetland ae expecially encouraged app 
pps calibra ea hou the 

‘Missouri River notte (wetter. he 
ewe ean) Pas reget: puedo 
French teaching experience preted. Appheations 
Stement of research and teaching teens and 
Contact Information for three peeional eee 
tet, Aplications to be submis! onlin (website: 
intep://Yourfueure.dbor.cdu) of skernatvly, by 
har copy to: Aquatic Biologie Search, Depart- 
tment of Biology, University of South Dakota, 
14" Ease Clark Strect, Vermillion, SD 57009, 
‘Quests should be dicted to Dr. Danie Solak 
(Ema dsotok@usd.cda). Review of appbetions 
begins November 36, 2007, and will contin unl 
the position ile USD ica Afni Acta Ed 
Oppo ingle 


POSITIONS OPEN 


ASSISTANT /ASSOCIATE PROFESSOR 

FACULTY POSITIONS in MICROBIOLOGY, 

COMPARATIVE ANATOMY, and ANATOMY 
and PHYSIOLOGY 

The Biology Deparmces at Souther Connection 
Susie Unierty int Now Haven, Connection, ses 
applcaioe hr thre filme, nore 

Microbiology. The aces candiate wil teach 
a general micrbisogycoune for scence majors a 
{respond for per dain and grade courses 
is esclogy ard bnmnncogy 

"Compare ant The ice 
Sencha sada eral bolo gow 
{oslo Candiats with 3 spesazation in 

ogy and/or vertebrate mechanics are encourage 
toa 

Aibtomy and physiclogy. The succewfi candi 
date willteach cours in anatomy a0 physiology 0 
nusing and albed heath stodons. They wil ako 
teach s general mology or general Ulogy coune 
‘ich enor. 

Ponkions fegin on 27 August 2008, All cand 
dates must have a PhD. or be able to complete the 
TED. by time of employment. Candidates teach 12 
hours exh somes, Bld fe tie un, ae 
Nido major, priate in Department and Unk 
seri atic a engage ‘iy res 
3a putting in evant pounah, Applicaes 
Sibmit a cover keter highlighting teaching and 
research ‘caperence,cumicum vite. 3 statement 
Of teaching philosophy and research goal, sod 
ice of recommendation fm three profesional 
references 

esse ral material to: De. Dwight G. Smith, 
Chairman, Wiology Department, Southern Con 
necticut State University, New Haven, CT O6S1S. 
Review of applications vil begin tl Novenber 
2007 tn order for your application tobe given fall 
nsieration al matras unt be recived by De 
ember 31,2007. The sarches wil continent a 
Silabi eaniite i ound 

Scwtew Comeod Sate Usiliy & a Amat 

Aen ga OppatntyEnpoe 


UCLA SCHOOL of PUBLIC HEALTH HIGH 
‘THROUGHPUT BSL3 LABORATORY. LAKO: 
RATORY DIRECTOR for new Biosafety Level 3E 
Laboratory. Responsibilities: provide expert scien 
tie guidance for development of automated 3s8ais 
for infectious daeases and quality assurance pro 
‘ewes; ovence al business functions; train faculty, 
staff, and technicians on biowafery procedures and 
handling of select agents; supervision of laboratory 
felis and staf, MLD. or Ph.D. in a life science oF 
related fick! required. Required: digiblty for Cali 
fornia licensure as a Clinical Laboratory Director ana 
igible for handling of select agents. Complete job 
‘description website: http://www 


ASSISTANT PROFESSOR, 
Developmental Biology 

he Unity of South Carin Rea vies 
appleations fora tenure-track faculty position in 
cErelopmental biclogy. Candidates must apply mo, 
iecub cxcthod: fn teaching and resech tod an 
specilite in any area uilog Say model or pocmnodel 
Sater, athough there fe some preference for work 
‘eh aquatic pecs: The succatal applicant wil be 
capecie to tach undesgachsse cones tn general 
biology, developmental biology, and yenctics. Ap 
plication procedures: Applicants must complete the 
FReademie Personal Information form enline. at 
‘website: httpe:/ /utelobaseccdu, and are required 
To ulna 3 Teter oF application detaling ero fo 
the postion and texting. piilsophy, curriculum 
vine copy of transcrip and at fant Unee letters 
bfretommandation, hems required which cannot be 
Submnitted elearonicaly should be maled wx Chal 
Biology Scarch Commduee,¢/o Human Resous 
University of South Carolina Beaufort, One Unt. 
versity Boulevard, Blutfton, SC 29908, Review cf 
Sppllctions will bsia November 2007 
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10172007apdt. Please send cursculurs 
A of eee alone ond a Lae 
to: Ms. Susan Fisher, Coordinator, Search for Lab- 
‘oratory Director; Office of the Dean, UCLA School 
‘of Public Health; P.O. Box 951772, Los Angstes, 
CA 90095-1772. The Search Comme wil begin 
‘considering applications November 1, 2007, and will 
‘continue unt the position & Sled. “fim Asien 
Exaal Opynaney Epler pnts fw women ad wt 
repented minonty Canidae a eerily wel 


ASSISTANT PROFESSOR - ANATOMY 
Tens ak pnt expec to be aie 
ember 2008. Teaching resporsitiltic in his 
cbogy for mekcal and dental students. Applicans 
shoudl have a well developed, fandable earch pro 
‘gam, Sen caniclum vase and two to thre ree 
SSouaive publcations to: Jobn Young, 
of Anatomy, Howard University College of Med- 
‘Shc, 20 W. Soc, NW Wasbingon DC 20059 
(emai jyoung@howard.ds). Fas! Opry 
pane 


ARIZONA STATE 
UNIVERSITY 


ASSISTANT/ASSOCIATE PROFESSOR 
Metabolic Biology ~ School of Life Sciences 
The Translational Genomics Research lnsteutt 

(TGea) and the Center for Metabolic Biology at 

Aetaoes Sexe Univasiey sock highly mothated cl 

cates Gor one or two Staley postions a the level of 

‘Remane or Associa: Profs, Research neat cas 

ioceeke'a teead cage Of bsrciss in the ares of 

insulin resteance, type 2 dlabetce mellitus and 

‘elated complicaione lipid metabolism, or caro 

ftscidar dacase. Candidates who are working atthe 

isterticcs among genomic, proteomic, ad function 

Puig option a Spel cna to 

iy, and expesimental preacher tccking inks be 

‘Seok genes that ae candace for dacaseproceues 

and the finesion aod abundance of the_ proteins 

trcoded by these genes would be highly deaabe, 
Two years of pesttocort resarch expedence and 
crkdonce of coegs level teaching experones teed 
The Diabetes, Cantionssular and Metabolic Di 
ease Division at TGen, whine mission isto unig 
fname approaches oF inprved 

janontc ad treatmene arategies for metab dv 
den, incuding diabetes and cated complications, 
and the Center far Metabolic, ology, whose 
tainion ts to define the molecular mechinians Of 
iemulin cettance are jolentyrecralting these pos! 
tions, The succeutal candidates will fave appei 
tments ln the School of Life Sclences and the Genser 
fr Metabolic Bology at Arizona State University a5 
well as TGen, Modem laboratory space, clinica re 
tearch center, and proteomics and genom 

trentation are avalable t 

Startup packages will be provided, To apply, send 

letter of application highlighting your seademic 

caperise ancl accomplishments, sarement of fe 
search focus and accomplishrents, statement ‘of 
teaching philosophy and experience curent cure 
te and tee rca Petr 

Those applying for Auta lve shoul Rave th 

lever of recommendation st 

School of Life Sciences Metabolic 

‘Committe on leterhead and signed; thove ping 

for Asociac level should supply contact infarmation 

{name, institution, addres, email addres, and tele 

Phone number) for three references, Hlctranic 

Picatons are prefered (to email: elaine finke® 

Esucedu), but hard copies wil be acecptel male 

‘Gr Chae, SOLS Metabolic Biology Search Com- 

tmittce, School of Life Sences, P.O, Box 874801, 

‘Arizona State University, Tempe, AZ: 88287-4501 

pplication deadline’ December 1, 2007; If not 
fed wecklythereaficr until search is chwed 

TCEN onl Aisa Sue Untsiy ae Afi Aci 

Eipal Opry apap evmdned ent 

Gheeky A bahpoond dod 6 rapa Je cnploymc 


to the Cl 


POSTDOCTORAL POSITION AVAILABLE 
in X-RAY CRYSTALLOGRAPHY 

A Posadcctoral postion is avalite inthe Depart 
iment of Hochenstty at Eoory Universy (Asia, 
Georgia). The Laboratory wil ue structural bilo 
to foc on transerpional actation, on compeacs 
trawecn speci pal tansporters an the cognate 
fuckar eteptor fcpints and on tiling snc 
tire and ancestral gine reurecion 10 unfentand 
the volition af sel function within potena, The 
dppliant is expeced to have experience fn Xr 
Sdutallogaply, peocincapeesion and puriiaton, 
Su strong general molcclar ology ails. Inter 
Ged cas an ine 31 Band Ke han 
fre yean of ponder experince 3 reed 
The sues Candas mia be seat, mated, 
anal enjoy bot working independent abd in 3 al 
itboratveseting. Pease send (esmal) cover iter, 
Conc ity sd he asada ie 
‘erences to: Eric Ordund, Ph.D» Asistant Dro 
Hew, Telephone: 404-727-5014, Bas 404-727. 
5738. Eomalk edlcortand@emory.adu 


ww sciencecareers.org, 


areers 


i 


POSITIONS OPEN 


“eens 


BROWN UNIVERSITY: SENIOR SEARCH for 
DIRECTOR of CENTER for ENVIRONMENTAL 
STUDIES 

Brown Univenity secks 2 distinguished scholar 
swith broad ineerdisciplinary interes in ensieonmental 
issues to be the Director of the Center for Envieon 
‘mental Studies (CES). The Director will be respon 
sible for overseeing faculty and programs in the CES, 
building on the Center’s recon of innovative inter 
disciplinary undergraduate and gradu education, 
Actively promoting interaction between the CES and 
bother environmental programs at Brown University, 
and enhancing the Center's presence in the comma 
nity. CES interests encompass the humanities, nat 
‘al sciences, public health, and soxial sciences. With 
Brown University’s investients in the Plas for Aca 
demic Enrichment, the new CES Director will have 
lunpuralleled opportunites for budding new initiatives 

ad on the Centers strong tradition of innovation 
nation about the CES and new env 
at Brow Visit website: 


lergraduate and raduate education; demonstrated 
feperience, vision, administrative ability, 


leaders 


productive imeraction with faculty” within the CES, 
cooperating departments, the Environmental Chang: 
Initative, the Watson Institute for International Studies, 


the Population Statics and Training Center, the Ini 
tiative 


ee eee ice 
MOE gine open 
rete ts come cee 
ges cong oe ees 
Pais ee air 


‘TWO POSITIONS. 
AQUATIC BIOLOGIST and CELL BIOLOGIST 
Two tenure-track positions at ASSISTANT PRO- 
FESSOR level to begin Aujst 2008, Responsibilities 
include courses in the major introductory sequence, 
college xeneral studies curiculums, and an upper level 
couse in area of speciaky. Actively involving under 
graduates in ongping research and commitment to the 
‘educational miswon ofa liberal as Lutheran colle is 
expected, Submit ter of appbation, cuniculi ¥ 
complete transcripts, a statement of teaching phi 
‘ophy and three letters of reference to: Search Com- 
‘mittee, Biology nt, Concordia College, 
‘Moorhead, MN 56362. Application review will be 
xkin December 10, 2007, and will continue until the 
pnitions are fie! Website: herpe/ /www.cord.ed 
Roouey/ lobe Sealey pin tasers an 


pry Epler sey ese fay 


POSTDOCTORAL POSITIONS saile 19 
Fay geinion of uodicas x eypassions and 
SURKA Mepronton of tesalate [e Glan, Re 
She eer ncaa and 
tony lacie Muss laros cent Pal. degen 
Sond currcalum vitae eam and sie 
thoes eiaencst a Bice OG. Wine, Depeemmcat 
of Pharmacol Chanisty, Univenity of Cal 
foeni, San Francoso CA 94188-2380, Fa: 415: 
(476-3382; e-mail: cowang@glucsf.ciu. 
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‘CELL/MOLECULAR BIOLOGIST 
“Tenure wack ASSISTANT PROFESSOR posi 
son in cel/molecalar biology. We seek spans 
‘howl complement xing sree col dec 
Spe lcd ology ad gene. The mc 
il pphcane wil be epeced wo tenga» fn 
feremch prog, stpervec doe racarch, parc 
ipo hteg Gach at wodirpeniee toms, 
Sei role ants vn Unter. The Depress 
ies tcc thet facies and fers cceapetine 
Savep finds, Thc Department has 35 Sealy omer 
60 PDMS. sadcts and approuatehy L000 
tao (website: 
“cil a a srt 
‘oop icles over 30 faculty acrom 
S. Mar Univeriy (enrolimcet 2,008) = 
tionally as a highly selective public univers 
ty Sond leer of pcsion,curicoke vse sate 
treat of texting ond rovcrch iter aod thts 
Ice of recommcndston vo: Der Douplar Made, 
Departmci of Zooey, Mian Univers 
POH 45036. Reve of appa wil 
ign on [4 December 2007, and fonroue unl 
thepovcons led PRD. requ Panoen alte 
‘Niger 2008 Telephon: S13-529.3100 or emai 
identi sr tore atime. Toe 
‘Bioenati renting Camu come and ay, vi 
treba hee /wresmchiodu/righrcknow, 
pre ee 


Opporamty in Employee and Eso. 


VISITING ASSISTANT PROFESSOR. The 
Department of Biology at Denison University invites 
appa fr wo sear ption with empha it 

ropthysolojgy 0 hegie’ August 2008, Research 
System and spevslication within clectroptysiology 
are open. A’ strong potential for excellence a 
teaching is cna. PRD. is required, pentdoctoral 
‘sperience, and demonstrated teaching, ality are 
Ssaces. This uniue postice caics a hal ume aching 
load, and cumeular development responsibilities 
Teaching resporsibiltis are neurephysloy  nt 
ductory and advanced neurosciences and intredctory 
sol and mec bly. Career devon 
resembles in lopang companion libo 
ta foc the enn cones enon often. 
funds for curricular development and support for 
studeot and facuky rcveach, See. the website: 
htp://www.denison.edu/biology for ' more 

Bifed deception of The powition. Candidates 
should send cover letter addressing their interest 
in liberal ats education and curteular devdopeneet; 
‘Surriculue vitae statements of tacking phikmopy 
dna research interests copies of tanscrips (graduate 
fn undergraduate), and the name, e-mail ad 
‘esse, and telephone raumbers of three references 
to: Chair, Electrophysiology Search Committee, 
Biot nent, Denison University, Gran 
ville, OH 48023. Review of applications will begin 
November 16, 2007. Denton an Afirmie Aron 
Equal Oppetwnty Employer Wanen and minis 
‘peta emul 0 ap. 


ASSISTANT SCIENTIST (UNCLASSIFIED) 

BS. in Biology, biochemistry, molecular biology, 
‘oc biomedical sciences required. At least two Years of 
laboratory experience ina biochemical, molecular 
biological, clectrophysiological or/and other Labora 
{ory using computers and electronic instrumentation 
preferred. Basic knowledge in theory and peactice of 
molecular biology, vertebrate physiology, and call 
phusiology desired. Send letter of appheation, cur 
en wae, fe sateen of esearch interes 
‘ciperience, with the contact information for three 
references to e-mail: bthomps@vet k-state.cda. 
Screening of applications begins October 29, 2007, 
‘and continues until the position is filled. 

Kancar State University ts Egusl Opponunity Employer 
Kawas State Univesity ciel seeks divesity among. as 


empl 


Cleveland State 


=% University 


PHARMACOLOGY 

Cleveland State University invites applications for 
a tenure track faculty ponition at the level of AS: 
SISTANT PROFESSOR in PHARMACOLOGY 
arting i fall 2008. The Department of Chemistry 
ter BS MS. and Ph.D. deween. The PhD. Io 
{gam specializes in cbnical/Ivoanalytial chemistey 
Sid is tly administered with the Cleveland Clinic 
Foundition 

"Minicaars quaigeations: Ph.D. ia pharmacology, 
biochemistry, pharmaceutical chemistry, chemistry 
cra related Sell; aly to detchop a ottonally cont 
Fetive research program in pharmaceutical chemis 
{yy and ably to teach undergraduate and graduate 
Pharmaccogy, pharmaceutical chemistry, and/or OF 
ane chemistry cours 

Trefrred_ qualifications: posloctoral experience, 
demonstrated accomplishments in rexanh that cont 
jlement existing expense in the Department, and pre 
‘Hous grant seeking and teaching esperien 

Dts tach undergraluate ard gradate courses, 
seeach (uperviing graduate students, subriiting 
Sn administening grants pullshing), service to the 
Department, College, and Unive 

Qialiied:spplicanes should. submit curicuuen 
sits, copies of undergraduate and graduate transcripts, 
St summaries teaching andl cesar interests (in 
“ding a ist of equipment needs and costs). Com 
Pete appliation and three letters of recommendation 
fhould be maied to: Dr, Valentin Gogonea, Chair, 
Chemistry Search Committee, Department of 
‘Chemistry, Cleveland Seate University, 2121 Euchd 
Avenue, Cleveland, OH 44115-2440, Messe, 
emma applications, Review of the applica 
tregin om. November 15,2007, an 
tual the postion is filed, For fanther 

t the Department, vait the website: 


Opprermty Eglo 
vias pont a 
ution. Minotes/Fomaks/ Paros wh Psa /Vewrans 
vam 


‘The UNIVERSITY of TEXAS 
SOUTHWESTERN MEDICAL CENTER 
ASSISTANT PROFESSORS. The Department 
af Bosal ite etning san ah 
MD, MBs or equivalent djpecs to. apply fr 
tear eack Auant Profesor pntons, Candates 
wth wie imovatie opted, mechanical, cleaiol, 
tolecilrbuologkal or computational cos With 
Spartan pps vo yung ens 
ing fom indus! goocs and proteins to cls and 
trp ate cocouraged to apy. However, the sen 
tik caclkave of the candles is more inportare 
than the pea area of rescarh 
These portions ae pt ofthe conning gumah of 
the Department atone of the county's Tending 
Seder medial centers and wil be superte ty 
‘pier Ldvoracory space on our new ca ca 
fetthe slr, an eacpional startup packs The 
Uiverity of Texas (UT) Southwestern. Seda 
CCemcr is the scents hoe 40 four Nude Tie 
Laurens, 17 members of the National Ace of 
Scencey aad 19 monber of the Insite of Med 
inc, UT Soutwarem conduct tore thas 3.500 
esr sea tang more than $350 
cans should subi curriculum vise, brit 
scntoest cf rcach fans, al age tae 
Ph. a/o Gena McLipe, Deparment of Pye: 
«0 Gena Mele, nt of Phys: 
fology, The Universcy of Texas Southwestern 
Medical Center, 5323 Harry Hines Boulevard, 
Dallas, TX 75490-9040. 7 Suchet stony 
nse epee fo smc, mrt, ad pope 
‘a pil age Equal Oporminy Epler 
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MERCK SCIENCE INITIATIVE 


& MERCK 


“A mind isa terrible thing to waste” 


UNDERGRADUATE GRADUATE POSTDOCTORAL 


SCIENCE RESEARCH SCIENCE RESEARCH SCIENCE RESEARCH 
SCHOLARSHIP AWARDS DISSERTATION FELLOWSHIPS FELLOWSHIPS 
15 Awards Annually 12 Fellowships Annually 10 Fellowships Annually 
Scholarships up to $25,000 . Fellowship Stipends up to $42,000 | i Fellowship Stipends up to $70,000 
Two Summer Internships at Deportment rans of $10,000 . Deportment Gents of $15,000 
a Merck Research Facility : Senirinoeene Support for 12-24 months 
An applicant must: An applicant must: 
© Be enrolled full-time in a Ph.D. + Hold a Ph. 
oral 
nedieal life oF . 


i 
© Be engag 
of completing 


of 3.3 (4 


point seale) 


Applicants 0 and att 


C Faculty Positions in 
Cardiovascular Biomedicine 


The Cardiovascular Innovation Institute 


ions for omare-tack 
Search ScienceCareers.org for job postings y i, Associate 
from these employers. Listings updated GARDIOVASCULAR Applic 
three times a week. ire expected to have academic 
Abbott Laboratories www.abbott.com interdisciplinary translational cardiovascular research and discovery. 
eg a shong fnient in rmslional and exiproceeral 
‘Amgen www.amgen.com activities working in the areas of heart failure, macro- and microvascular 
i sche oan icerta laeae,colcbeed thropln inflammation! tate bacnualty,cardiovas 
Flan Pharmaceuticals yorwelen.com/careers cal devices and experience in small nial model or pe-lnial large 
Genentech www.gene.com animal studies are encouraged to apply. Selected candidates for senior 
facet posidoes wil ve Gesoasunod experaacia Holarrurenation, 
Tevitrogen  werseinvdtrogren com careers, biosensors or bioimaging and have the epportunity and rescurces to build 
Kelly Scientific Resources 2 tml ovesgnorevsion 
www.kellyscientific.com ‘The Ci is non-profit partnership between the University of Louisville and 
iiartis aitcidaa MGR shal Rcasiadd Jewish Hospital dedicsed to discovering und developing the nex gevee- 
tion of boar ond venalar belt core lsinologcs. Insts inventions 
wwwunibrnovartis.com there appotmnces with he UofL dior few Hospital and wort ina 
Pfizer Inc. ‘new state-of-the-art research building in a highly collaborative environ- 
aie ae tment withouttanding opportunities to translate research trough clinical 
Sa a pormcthips und inde collaborations 
Philip Moris sh ‘The Cll is located in Louisville, a progressive city situated along the 
www.cantbeattheexperience.com scenic Ohio River with a thriving cultural scene and a variety of outdoor 
Pioneer Hi-Bred recteation opportunities. 


www pioneer.com Applicants should submit a cover enter describing research interests and 

CV to: Stuart K. Williams, PRD, Scientific Director, Cardiovascular 
Innovation Institute, Louisville, KY, 40202 or by email to stu.wiliams 
ifyou would he tobe a , stu. wiliams, 
iermmststamm Science Careers @louisville.du. Consideration of applications will begin immediately 


202-336-6583, a and positions will be open until filled, 


The University of Louisville is an Affirmative Action, Equal Opportu- 
nity, Americans with Disabilities Employer, committed to diversity, and 
in that spirit, secks applications from a broad variety of candidates. 


¢ 
2 
3 
3 
5 
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POSITIONS OPEN 


UAF 


FAIRBANKS 

The School of Fisheries and Ocean Sciences 
(SFOS) ar the University of Alaska Fairtunks (UAP) 
invites applications for eyo MARINE BIOLOGIST 
vacancies specializing in early life ecology and 
‘manimalogy/ population genetics. Roth. positions 
are ASSISTANT/ASSOCIATE PROFESSOR, 
tenure-track faculty positions within the SFOS 
Institute of Marine Science located in Fairbanks, 
Alaska. ‘To learn more about the School please visit 
‘website: heep://www.sfos.uaf edu. Complete p 
sition information can be found at website: 
‘wwew.takjobs.com, reference postings 0054202 and 
OOS4I83, 


FACULTY POSITION in CELL and 
MOLECULAR BIOMECHANICS, 
iomedial Engineering 
University of California, Davis 
The College of Engineering at University of Cal 
ifirnia (UC) Davis invites applications from qualified 
candidates for a tenured position at the ASSOCI- 
ANTE of FULL PROFESSOR rank commensurate 
‘with the candidate's accomplishments, The position 
il be in the Department of Biomedical Engin 
ing and will focus on cell and mode 
‘orthopaedic biomecha 
ical applications with fandaniental research that bridge 
the cell and molecular systems and musculoskeletal 
‘biomechanics research tracks of the Biomedical En 
ixincering Program at UC Davis. Exceptional candi 
dates in other areas of esearch related to biomedical 
agincering will abo be considered. Candies should 
have a PhD. degree in bromedical engineering er a 
elated field, a commitment to excellence in teaching, 
2 pabliation record that demonstrates outstanding, 
research, and potential for administeative ard peo 
igrammatic leadership, ‘The hire will be expected to 
develop an extramuirally funded research prog? 
fonge strong interactions with the UC Davis Medical 
School, contibute t0 core undergraduate and yrad 
uate coupes, and assist in establishing an innoxative 
disciplinary curriculum in the field of cell and 
‘molecular musculoskeletal biomechanics 
UC Davis is 12th among US. public univers 
arch funding, and the College of Engineering 
is ranked among the top ten public engineering cok 
Teges in the nation. Davis isa pleasant, imily-orentes 
mmanity in a college town setting with excellent 
public schools and a mikl climate. Davis ideal loca 
tion is just 15 miles from Califoenia’s capital city of 
Sacramento and within easy driving distance of the 
Sierra Nevada Mountains, San Francisco, Silicon 
Valley, wine country, and the Paciic Coastal areas. 
Interested candidates should submic all materials 
via the web-based oaline suberisson system (website: 


interests (this should inchade information about mer 
toring women, minorities, students with disabilities, 
for other unslerecpescnted groups), curricular tae 
three to five representative publications, an the names 
And contact information of at least five references 
who have agreed to write ktter of reference. Inguiics 
an be directed to the Chair of the Search Com- 
ce at e-mail: biomedicalengincering@ucdavis. 
(edu, The review OF applications Wil Beg On 
‘ember 15, 2007. However, the postion will remain 
‘open until filled. The UC Dats College of Eng 


cri (website: http: ing uodavis.cd) 

Pee re og 
student body as it responds to the changing 

ilation and edcatona) neds of Califoena and the 

UC Davis isan Afiemtice Acton/Ega! Employment 

7 Emipljer andi debated 89 rutin Bes 

tommy We whom gual apart ope 


ly, icing women, minority, oniridale with delice 
‘and vets. 
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POSITIONS OPEN 


ASSOCIATE /FULL PROFESSOR 
Molecular Immunology /Immunogenctcs 
‘Position Announcement 

‘The Deparment of Veterinary Pathebidogy, 
‘Texas ARM University instesappbcations Sor 3 
tenare- tack, fay funded, 12-mouth Awociate/ 
Fl Protec postion in ders smmaanclo 
19 orimmurogencti, with 75 percont eet 
search and 35 percent in teaching/sersice 
Succesfal candidates mast hold 2 Ph.D. in 
immunology /microbiology, mokeculae biol 
{9 or gency, have an ctallshed and funded 

search program with a significant record 
f publickion, grantemanship, and graduate 
Student/postdoctoral waning. Rank, salary, 
dnd starcup is contingent upon expericnce and 
tational repuration, Application review begins 
December’ 1, 2007, and continues nti the 


position i filled. Candidates should submit 3 


Statement of carcer goals aed researc inter 
xs, curriculum vitae, summary of current and 
Planned research support, cin training, 
fraduste students and porudoctoral fellows, 
teaching interests and experience, with the 
frames and adresses of three references 10 
e-mail: cvorker@cym.tamuedu. Written ap. 
[catia cai be sent tor Ms, Cynthia Voelker, 
Department of Veterinary. Pathobio 
"ge of Veterinary Medicine and 
medical Sciences, Texas ASM University, 
College Station, TX 77843-4467. Inguicns 
reganiing the position may be e-mailed 10 
Dr. Guan Zhu (Search Chair) at e-mail: 
jhu@cym.tamu.edu. Detailed information 
‘Searing tie pont, Department, and Col 
legge can be found at website: herp://www. 
coomutamuveds. Texas ASM Coninny an Eu 
Oppwrinnty/ Aine Ae Eng ye 


BIOLOGY of CANCER 
University of South Carolina 

‘The Department of iological Sciences at the Uni 
versity of South Carolina (USC) invites applications 
foe a tenure-track position at the rank of ASSISI 
ANT PROFESSOR in the broad area of the biol 
‘ogy of cancer. Particular interest will be applied to 
innividuals using animal models o further our under 
standing of the physiological mechanisms of cancer 
development and progression at the molecule, cel 

lr, histological, or organismal level. The succesful 

will interact with 3 growing reacarch ywoup 

USC's Center for Colon Cancer Research 
= feet sc.edu/). Additional hires at 
Heyy og terres 
this area over the next several years, both within the 
Department of Biological Sciences and in other de 
partments. Candidates should have a M.D. of Pb.D., 
slong th pstdotoral experience an appre 
Ie area of biomedical science. The success 
‘dual will be expected te establh an independ 
cextramucally funded research peogeam. In ax 
he/ake will be responsile for teaching an under 
igriduste course in general physiology, and an under 
graduate o graduate coure appropriate to his/her 
research area. Additional information on the Depart 
iment of Biological Sciences can be found 3t website: 
betp://www.bid.sc.edu/. Interested perscns should 
“eid curriculum vitae, a summary of research accom 
plshments and furure plans, a statement of teaching, 


three kere of recommendation 
Berger, Biology of Cancer Search Committee, 
Department of Biological Sciences, University of 
South Carolina, Columbia, SC 29208. To ensure 
appleations should be submitted 
"2007. The Unieraty of Sth Cantina 
am ABinmative Aion, Eas! Oppority Employer, and 
tsce met dictate i clratvnal or employment pert 
tks or desons fo gualfed pecans the ha frac, 
reign, sex, matoual ekg ae, daily, sexual newton, 
or sete sane” Mince and semen are emcuraged to 


amv 


POSITIONS OPEN 


YALE SCHOOL of MEDICINE: 
FACULTY POSITIONS in a NEW PROGRAM 
‘on ENERGY METABOLISM and OBESITY. 

The Section of Comparative Medicine at Yale Uni 
venity School of Medicine secks up to three new fie 
tly members to join a new interdiciplinary research, 
program focused on the neurobiology of energy 
metabolism and obesity, The Section has significant 
strength in areas including mouse mutageness, path: 
‘logic phenotyping, and laboratory animal medicine 
Ie is developing the new program in close conjunc 
tion with other Departments including Medic 

(curobiology, Pharmacology, and Psychiatry, and 
program ficuky will have the opportunity to col 
Eiborate actively with oustanding basic and clinical 
reach props the aes of mel, ce 
biology, aging, and immuns 

‘Canidates {holding D.V-Mry M.D,, oF Ph.D, de 
spe) shoul posses ong care a 
‘eaord, and will be appoints 
ANT, ASSOCIATE, or FULL PROFESSOR, dlc 
Pending upon qualifications, Interested applicants 
Should send curriculum vitae, research plany and a 
list of three references to: 

Tamas Horvath, D.V.M., Ph.D. 
Professor and Chair, Section of Comparative 
‘Medicine 
Yale University School of Medicine 
P.O, Box 208016 
New Haven, CT 06520-8016 
E-mail: valeria keizsan @yale,cdu 

The elvan of applets wll yin inmnediandy aud 
sowie vi the pacts have heen filed. Yale Cavey Us 
‘2 Equa! Oppwtity/Afiemaive aon Employer 


POSTDOCTORAL POSITIONS. Several posi 
tions are immediately available to study the role 
lipoxygenases eicosanoids in angiogenesis and vas 

ar wall remoalcling. Experience with animal model 
angiogeness, restenosis, and/or molecular cloning 
's highly desirable. Based on experience competitive 
salaries are offered, Interested and highly motivated 
Candidates with PD., M.D., oe MD/PhD. degree 
shou ed curiae and nae and aes 
of thre rekrenees| Rao, Ph.D, Department 
of Physiology, University of Tennessee Health Sci 
ence Genter, 894 Union Avenue, Memphis, TN 
‘38163, E-maik grao@physiol utmem.edd, Thr Ui 
tery of Tennesee an Equal Employment Opyerennty/ 
ifimatve lcnow Tide VI'Tile IX/ Seton SOWADA 
ADEA lasittion tv the postion oft elation and ene 
lopment pans and srs 
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issue an be viewed online at webwite 


wr. sinccerng, NSW oth ae 


MARKETPLACE 


Free shipping for 20+ reactions. 

High throughput. Direct sequenc- 

ing from bacteria, phage, genomic 

DNA, PCR products, hairpin, etc. 
1 8tendab, wc co 
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‘SHapten Reporter Groups and Conjugates, 
LSS Selection of Conjugates: 

Proteins/Sepharose/Fluors/FICOLL 
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